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REMARKS 

I. The Subject Matter of the Claims 

The subject matter of the claims relates, in general, to methods of modulating the 
transport of leptin across the blood-brain barrier (BBB). 

II. : Claim Objections. 

The Examiner objects to claims 3-5 as assertedly being of improper dependent form 
for failing to further limit the subject matter of a previous claim. The Examiner asserts that 
recitation of leptin variants, analogs, fusion proteins, etc. in claims 3-5 is broader in scope than 
the term "leptin" used in claims 1 and 2. Applicant respectfully disagrees. 

The doctrine of claim differentiation necessitates that when two claims in the same 
patent have an apparently similar or identical meaning, an effort should be made to adopt an 
interpretation that will give them a different (as distinguished from identical) meaning. Under 
the doctrine of claim differentiation, each claim in a patent is presumptively different in scope. 
RF Delaware Inc. v. Pacific Keystone Technologies Inc ., Fed. Cir., 2003. The difference in 
meaning and scope between claims is presumed to be significant "[t]o the extent that the absence 
of such difference in meaning and scope would make a claim superfluous." Tandon Corp. v. 
United States Int'l Trade Comm'n , 831 F.2d 1017 (Fed. Cir. 1987). 

From the order of the claims and in keeping with the doctrine of claim differentiation, 

it is clear that Applicant means "leptin" in claim 1 to be inclusive of all derivatives of leptin set 

out in dependent claims 3-5. In addition, page 4, lines 15-18, of the specification describes that 

"leptin" includes analogs, fragments, consensus leptin, chemical derivatives or fusion proteins. 

In order to expedite prosecution of the application, claims 3 and 4 have been amended to clarify 

the leptins contemplated for use in the methods of the claims. The Applicant have also revised 
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claims 3-4 to be in proper Markush format. As such, the Examiner's objection is moot and 
Applicant requests that the objection be withdrawn. 

III. Patentability Argument 

A. The Rejection of Claims 1-5 Under 35 U.S.C. §112, First Paragraph, for Lack of 
Enablement Should Properly Be Withdrawn 

The Examiner maintains the rejections of claims 1-5 as assertedly not being enabled 
because, according to the Examiner, Applicant has not enabled transport of leptin across the 
blood-brain barrier (BBB) using all the compounds recited in the claims, by every route of 
administration in the claims, and using all said compounds co-administered with all leptins, 
leptin derivatives and fragments thereof The Examiner asserts that there are "so many non- 
working embodiments disclosed in the specification" that the claims are not enabled over the 
claimed scope. The Examiner further asserts that because an exemplified embodiment may fall 
into more than one class of compounds in the claims, the claims are equivalent to a single means 
claim, which may be rejected for having undue breadth since the structure or functional class of 
the claimed genus has assertedly not been enabled. Applicant respectfully disagrees. 

/The test [for undue experimentation] is not merely quantitative, since a considerable 
amount of experimentation is permissible, if it is merely routine, or if the specification in 
question provides a reasonable amount of guidance with respect to the direction in which the 
experimentation should proceed to enable the determination of how to practice a desired 
embodiment of the claimed invention." Johns Hopkins Univ. v. Cellpro/Inc, 152 F.3d 1342, 47 
U.S.P.Q.2D 1705 (Fed. Cir. 1998). "The enablement requirement is met if the description 
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enables any mode of making and using the invention." Johns Hopkins Univ. , supra, (emphasis 
added). 

The requirement for enablement is whether or not a person of ordinary skill could 
make and use the invention and not whether each compound is effective in the method of the 
invention. As stated in Applicant's previous response (dated June 30, 2005), Applicant has 
enabled use of at least one member of each class of compounds recited in the claims by teaching 
how to measure leptin transport across the BBB in the presence and absence of compounds of 
each class recited in the claims (see, for example, Example 1, beginning on page 17, and 
Example 4, beginning on page 22). Because Applicant has taught compounds useful in the 
invention and methods for using these compounds to achieve the goal of the method of the 
invention, Applicant provides a reasonable amount of guidance with respect to how the skilled 
person should proceed to practice the invention; to wit: all that the skilled worker needs to do is 
repeat the detailed methods performed with the exemplified compounds using another compound 
from the same class. This does not amount to undue experimentation. Indeed, it would be a 
matter of routine and logic to try the next compound in the genus to clarify whether it has the 
desired effect. In this manner, a worker of ordinary skill can readily ascertain which disclosed 
compounds are effective in the method based on the description in the disclosure, and as such, 
one of ordinary skill is not forced to experiment unduly to arrive at the subject matter of the 
invention. This is nothing more that routine screening following the directions given in the 
specification. 

The Examiner specifically points out that certain members of each class of 
compounds do enhance leptin transport, while some members of the class do not enhance leptin 
transport. Applicant reiterates that, as admitted by the Examiner, the specification enables at 
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least one member of each class of compounds recited in the claims that is effective in modulating 
transport of leptin across the BBB. The presence of inoperative embodiments within the scope 
of a claim does not necessarily render a claim nonenabled. Applicant is not required to 
demonstrate efficacy of every member of a certain class of compounds, but enable the class such 
that one of ordinary skill in the art could make and use the invention. Atlas Powder Co. v EI du 
Pont de Nemours & Co .. 750F2d 1569, 224 USPQ 409. Experimentation, even if extensive, is 
not necessarily undue if it is routine in the art. In re Wands, 858 F.2d 731 (Fed. Cir. 1988). 

In re Wands involved screening of large numbers of hybridomas to identify specific 
hybridomas that fell within the claim limitations. The court in Wands indicated that because 
Wands provided sufficient guidance to make and screen the hybridomas and presented working 
examples, the enablement requirement was fulfilled. In re Wands , 858 F.2d 731, 740 (Fed. Cir. 
1988). In re Wands does not hold that a specific number of working examples is required. In 
reaching its decision, the court in Wands considered that the inventor's disclosure provides 
considerable direction and guidance on how to practice the invention and presents working 
examples. Id at 740. When such provided guidance is coupled with high level of skill in the art, 
the invention is enabled. Id. This is exactly the case in the present application. 

Applicant provides guidance in the specification as to what compounds are members 
of each class of agents and also teaches methods for determining if a compound is a modulator of 
leptin transport. A worker of ordinary skill could take any compound, whether it is disclosed in 
the application or not, and test for its ability to act as a leptin transport modulator. For example, 
it would be routine for a person of ordinary skill to take an adrenergic agonist, neurotransmitter 
or cytokine not named in the specification but well-known and readily available in the art (see 
Section III.B below) and assess its function in the methods described in Example 1. It requires 
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no more than routine screening of compounds in a standard experimental mouse model disclosed 
in the specification, similar to the routine screening in the Wands case, to arrive at the present 
invention. 

Furthermore, it is understood in the art that while species within the class of, for 
example, neurotransmitters or adrenergic antagonists, may not have a strong structural 
relationship, these species clearly have a functional relationship as evidenced by the 
understanding of these terms in the art (See Principles of Internal Medicine , Isselbacher et al., 
Eds. 13 th edition, 1994, Ch. 364, "Impact of neurobiology and molecular genetics on neurology," 
page 2210 and Table 68.1) (included herewith in Exhibit A). One of ordinary skill can readily 
find reference to, description of, and members of the genus of compounds (e.g., adrenergic 
agonists, adrenergic antagonists, neurotransmitters, cytokines, amino acids, opiate peptides, 
purinergic agonists, glutaminergic agonists) in the art (see Borges et al., supra, which refers to 
the genus of adrenergic drugs, including agonists and antagonists, see abstract ). Thus, the 
specification has enabled the genus of compounds as they are commonly identified by the class 
of compound they represent, and provides sufficient guidance for one of ordinary skill to 
understand what is taught by the classification of the compounds. 

With respect to the Examiner's objection to the enablement of leptin analogs, 
variants, derivatives and fragments thereof, Applicant respectfully disagrees, but nonetheless has 
amended the claims in order to expedite prosecution, and the claims as amended are directed to 
leptin, consensus leptins, leptin fusion proteins, chemically modified derivatives of leptin, and 
fragments of leptin. As stated previously, all of these leptins are enabled in the specification and 
in the art. For example, U.S. Patents 6,734,160 and 6,471,956 (submitted with the response of 
June 30, 2005 as Exhibit A) describe and claim leptin fragments and analogs. These fragments 
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are described in terms of where the leptin protein may be truncated or substituted (see US Patent 
6,471,956, col. 18 to col. 20). The art also describes methods to determine if a leptin sequence 
has biological activity, by measuring leptin binding to leptin-specific antibodies, leptin 
competition assays, and leptin receptor binding assays, all routine experiments regularly 
performed by one of ordinary skill. 

Moreover, the specification, at page 11, lines 1-27, describes consensus leptins and 
leptin fragments useful in the methods of the invention, and also teaches, at page 12, line 15 to 
page 16, line 5, leptin fusion proteins and leptin derivatives having chemical moieties (e.g., 
PEG). The specification teaches one of ordinary skill in the art how to make a leptin fragment or 
consensus leptin, teaches that leptins, including fragments and consensus leptins, as 
contemplated by the invention retain the biological activity of modulating weight or altering 
metabolism in a host mammal (page 9, lines 11-13), and also teaches methods for measuring 
transport across the blood-brain barrier (see Example 1). Further, mouse models for measuring 
transport across the BBB, such as the one used in the Examples in the specification and in 
Borges et al, are well-known and readily available to one of ordinary skill. As such, a worker of 
ordinary skill in the art could make and use a leptin contemplated for use in the invention 
without undue burden using the guidance taught by Applicant. 

J 

Peelman {J Biol Chem 279:41038-46, 2004) is cited as an example of unpredictability 
in the art, assertedly demonstrating that a single amino acid change may alter the activity of a 
leptin analog or fragment. The claims in the present application are not directed to specific 
leptin compositions but to methods of making a more effective use of leptins. Leptins are 
known. The problem being solved in the present invention is increasing the uptake of such 
leptins across the BBB. Whether or not a new, as yet unknown, leptin analog is predictable or 
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not is not relevant to the question. The more appropriate question is would there be 
unpredictability in conducting the methods of this invention. Applicants posit that the answer to 
that question is no. Rather than demonstrating unpredictability, Peelman shows that the skilled 
person may successfully make numerous leptin variants and successfully test all such variants for 
leptin function without undue burden (page 41041-2). This demonstrates that one of ordinary- 
skill in the art can readily make leptin variants and screen them for the desired biological 
activity, such as binding to the leptin receptor and modulating of metabolism. Thus, the leptins 
may be produced and screened without undue experimentation, as evidenced by Peelmari. 
Therefore, the field of leptin chemistry is not unpredictable, and the specification, in connection 
with the knowledge in the art, provides guidance to make and use the leptin contemplated for use 
in the methods of the invention. Applicant reiterates that the subject matter removed from the 
claims is enabled by the specification, and has been removed solely to expedite prosecution. 
Applicant reserves the right to pursue this subject matter in a continuing application. 

The Examiner asserts that Applicant's interpretation of In re Fischer is incorrect. 
Applicant submits that the interpretation is not Applicant's alone, but was recited at MPEP 
2164.01(b), "as long as the specification discloses at least one method for making and using the 
claimed invention that bears a reasonable correlation to the entire scope of the claim, then the 
enablement requirement is satisfied. In re Fischer . 427 F2d 833, 166 USPQ 18 (CCPA 1970)." 
The compounds contemplated in the claims bear a strong correlation to the compounds 
exemplified in the specification for use in the method of the invention. The leptin fragments or 
derivatives contemplated by the invention retain the same activity as the leptin exemplified in the 
specification, while the compounds contemplated to modulate transport across the BBB are 
additional species of the compounds exemplified in the specification. 
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With respect to the routes of administration of the compounds, Applicant has 
amended claims 3 and 4 to remove reference to intracerebrovascular and intracisternal 
administration to expedite prosecution. 

With respect to the other routes of administration allegedly not enabled by the 
specification, Applicant submits that these methods of administration are routine in the art and 
known to allow entry of administered molecules (including leptin) into the systemic circulation. 
For example, Ciulla et al {Retina 25:619-24, 2005) describe that the compound linezolid> ' 
administered orally was detectable in the serum of patients; Huang et al (Adv Drug Deliv Rev 
29:147-55, 1998) describe that nasal administration of compounds is an attractive method for 
mediating systemic administration of large molecules; Becit et al {Eur J Vase Endovasc Surg 
22:310-6, 2001) describe that VEGF given intramuscularly or intraarteriallv improves 
angiogenesis in subjects. (All abstracts included herewith in Exhibit B) Other routes of 
administration, including subcutaneous , intradermal , and topical administration, are identified in 
art-recognized pharmaceutical treatise as standard routes of drug administration that are effective 
at mediating systemic effect of the agent being administered (see Remington: the Science and 
Practice of Pharmacy, 19 th Edition, Mack Publishing Company, Easton, Pa. (1995), Ch. 41, pp. 
710-12, Exhibit B). In addition, MPEP 2164.01(c) states that "if a statement of utility in the 
specification contains within it a connotation of how to use, and/or the art recognizes that 
standard modes of administration are known and contemplated, 35 USC §1 12 is satisfied." As 
such, the routes of administration taught in the specification, which are well-known and routine 
in the art, are fully enabled by the specification. 

Applicant cited In re Borkowski [ 422 F2d 904, 164 USPQ 642 (CCPA 1970)] to 
address the Examiner's objection to the term "modulating", and not to address undue 
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experimentation in general as suggested by the Examiner. As such, the Examiner's note that In 
re Borkowski is not germane does not apply in the context used by the Examiner. 

The Examiner states at page 4 of the Action that claim 1 is equivalent to a single 
means claim and as such should be rejected under 35 USC 112, but offers no explanation of how 
claim 1 is equivalent to a single means claim and why, even if there is some comparison to a 
single means claim, why the claim necessarily must be rejected. Examiner cites MPEP 
2164.08(a) as support. MPEP 2164.08(a) refers to In re Hyatt (708 F.2d 712, 218 U.S.P.Q. 195 
Fed. Cir. 1983), which defined a single means claim as a claim which recites merely one means 
plus a statement of function and nothing else (Id at 713); The claim at issue in Hyatt was 
directed to a "processor comprising incremental means for incrementally generating . . . * 
incremental output signals. . (IcL at 712). Applicant submits that the pending claims do not fall 
into a single means category similar to In re Hyatt as the present claims recite more than one 
element needed for the method and more than one "means" by which to modulate leptin 
transport. Applicant is not claiming "every conceivable means for achieving the stated result" 
(Id. at 714), but is actually claiming a method of using a genus of compounds which is enabled in 
the specification, and the genus of compounds is one which is well known to those of skill in the 
art. Applicant is claiming a method comprising more than one element, that uses one or more of 
a group of compounds that are defined (and known in the art) by their fiinction(s), not a method 
that cites any means of inducing transport of leptin across the BBB. Applicant submits that 
Examiner's comparison of the present claims to a single means claim is misplaced. 

Because the specification teaches multiple species within a class of compounds 
contemplated for use in the methods of the invention, discloses methods for determining if a 
compound modulates leptin transport across the BBB, describes methods to make leptin or a 
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leptin fragment, consensus sequence or derivative, and teaches routes by which the compounds 
can be administered, Applicant has taught a worker of ordinary skill in the art to make and use 
the methods of the invention. The worker of ordinary skill in the art would only have to use 
routine experimentation to repeat these methods. Therefore, the rejection under 35 U.S.C. § 1 12, 
first paragraph, enablement, should properly be withdrawn. 

B. The Rejection of Claims 1-5 Under 35 U.S.C. §112, First Paragraph, Written 
Description Should Properly Be Withdrawn 

The Examiner maintains the rejection to claims 1-5 as lacking written description 
asserting that Applicant has not described all the agents recited in the claims or all leptin variants 
and fragments encompassed by the claims. The Examiner asserts that there is insufficient 
structure/function correlation described with respect to both the genus of compounds used in the 
methods as well as the leptin fragments and derivatives to indicate to a worker of ordinary skill 
that Applicant was in possession of the invention. Applicant respectfully disagrees. 

With respect to the agents recited in the claim 1 , the specification sets out a 
representative list of each class of compounds recited in the claim (see page 5, line 3 to page 6, 
line 9) and not an exhaustive list of those classes of compounds because they are readily 
available in the art. While, the species within each genus or class may not share structural 
characteristics, they are necessarily defined by their functional characteristics otherwise they 
would not be members of the particular genus described. See e.g., Principles of Internal 
Medicine , supra, which identifies drug types based on agonistic or antagonistic functions (Table 
68-1) (Exhibit A). 
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The Examiner points out that structure/function relationship is only one of many 
factors to consider, along with functional characteristics, to provide evidence of possession of a 
genus (see the Action, page 8). A worker of ordinary skill would understand what is meant by an 
adrenergic agonist or antagonist, or cytokine or neurotransmitter when these terms are generally 
used in the art and are based on their functional activity (see e.g., Borges et al., supra, page 244, 
col. 1, which refers to adrenergic agonist or antagonist; and, Houseknecht et al., JAnim. Sci. 
76:1405-20, 1998, page 1406, col. 1 and abstract, which refers to cytokine and neurotransmitter 
respectively) (Exhibit C). 

What is conventional or well known to one of ordinary skill in the art need not be 
disclosed in detail. MPEP 2163 citing Hybridtech v Monoclonal Antibodies, Inc. . 802 F2d 1367, 
231 USPQ 81 (Fed Cir. 1986). A worker of ordinary skill can readily access the art to easily find 
a list of compounds falling within the well-known class of compounds recited in the claims. See 
Principles of Internal Medicine , supra. Applicant's disclosure of representative members of each 
genus of compounds, coupled with the general knowledge in the art, demonstrates that a person 
of ordinary skill would readily understand that Applicant was in possession of the claimed genus 
of compounds. 

With respect to the assertion that leptin fragments and derivatives are not adequately 
described, Applicant stated previously that biologically active leptin fragments, variants, 
consensus sequences and the like are well know in the art (See U.S. Patents 6,350,730, 
6,309,853, 6,734,160, 6,429,290 and 6,471,956). Moreover, the specification describes specific 
leptin fragments, variants, consensus sequences, fusion proteins and derivatives contemplated for 
use in the method of the invention (page 10, line 1, to page 12, line 8). The specification recites 
which sequences are optimal in a leptin fragment polypeptide, which amino acids can be 
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changed to arrive at a consensus sequence and to which amino acids they can be changed. The 
specification also describes that the leptin may have 83% or more identity to the leptin sequences 
recited in the claims (page 12, lines 1-2). 

The claims also recite that the leptin is biologically active, which is taught in the 
specification as the ability to modulate weight or modulate metabolism (page 9, lines 11-13). A 
worker of ordinary skill understands that the biological function of leptin is mediated through the 
leptin receptor (Karonen et al., Eur J. Nucl Med 25:607-12, 1 998, abstract submitted herewith in 
Exhibit C). Binding to the receptor is hypothesized by those of ordinary skill to mediate 
transport across the BBB (Meister B., Vitam Horm 59:265-304, 2000, abstract submitted 
herewith in Exhibit C). As such, the structure/function correlation of a leptin derivative useful in 
the method of the invention is that the leptin retains biological function, which necessitates that 
any leptin derivative retain binding to its receptor, and is thereby able to be transported across 
the BBB. Only routine screening is required to determine if a leptin analog, fragment or variant 
binds to the leptin receptor (see U.S. patent 6,471,956 and Peelman, supra). 

Given the description in the specification and the general skill and knowledge in the 
art, one of ordinary skill in the art would recognize that Applicant was in possession of the 
invention at the time of filing, given the extensive description of specific leptin fragments, 
consensus sequences, or derivatives, and the routine methods of screening binding of leptin to 
the leptin receptor. 

As such, the rejection of claims 1-5 under 35 USC §112, first paragraph, written 
description, should be withdrawn. 
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C. The Rejection of Claims 1-5 Under 35 U.S.C. §112, Second Paragraph, 
Should Properly Be Withdrawn 

The Examiner objects to recitation of the term "effective amount of exogenous leptin" 
as assertedly being indefinite. Applicants initially introduced (i) in the claim so that there would 
be appropriate antecedent basis for the term "wherein said administering of step (ii) is effective 
to modulate the transport of leptin across the blood brain barrier." Applicants have amended (i) 
to recite "administering to the mammal a composition that comprises exogenous leptin" and 
believe that this amendment still provides an antecedent basis for (ii) but also obviates the 
grounds for the current rejection. Should the Examiner wish to discuss alternative language to 
address this rejection, the Applicants respectfully request that the Examiner contact the 
undersigned. 

D. The Rejection of Claims 1-5 Under 35 U.S.C. §103(a), 
Should Properly Be Withdrawn 

The Examiner rejected claims 1^5, as amended, under 35 U.S.C. §103(a) as assertedly 
obvious in view of the disclosure of Banks, further in view of Borges, further in view of Caro. 
The Examiner asserts that because Banks and Caro assertedly teach that leptin requires transport 
across the BBB, and Borges assertedly teaches that epinephrine increases permeability of 
molecules across microvascular cells in vitro, a worker of ordinary skill in the art would be 
motivated to combine the teachings of Banks, Caro and Borges to arrive at the present invention. 
Applicant respectfully disagrees. 

Banks teaches administration of leptin to a mammal to suppress food intake. Banks 
neither discloses nor suggests administration of epinephrine to increase leptin transport. Caro 
assertedly discloses that leptin levels are correlated with body mass index and obesity, and 
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indicates that leptin likely crosses the BBB using a saturable transport mechanism. Caro 
suggests that administration of exogenous leptin would be ineffective because leptin must cross 
the BBB via a transport mechanism. Caro neither discloses or suggests the administration of 
epinephrine in conjunction with leptin. 

Borges allegedly teaches that administration of epinephrine can increase the 
permeability of microvascular endothelial cells to impermeable solutes, exemplified by sodium 
fluorescein bound to albumin. Borges neither discloses nor suggests administration of leptin in 
conjunction with epinephrine to increase leptin transport. Moreover, Borges utilizes a molecule 
that exhibits natural diffusion across the BBB through a mechanism other than transport 
mechanisms. Figure 1 of Borges (page 245, col. 1) shows that the agent of interest naturally 
diffuses across the cell membrane, and the rate of diffusion increases over time. 

Common uses of epinephrine relate to promotion of peripheral vascular resistance in 
cardiac arrest and also as a bronchodilator in asthma, due to its characteristic non-specific action 
on adrenergic receptors (See Principles of Internal Medicine , Isselbacher et al., Eds. 13 th edition, 
1994, page 420 and Table 68.1) "(included herewith in Exhibit D). However, epinephrine is also 
a non-specific disruptor of the BBB allowing diffusion or leakage of molecules across the 
membranes (Sokrab et al., Acta Neurol Scand., 77:387-96, 1988, abstract submitted herewith in 
Exhibit D). Administration of epinephrine can lead to permanent neuronal damage and even 
death in subjects receiving the agent. (Sokrab et al., supra). Epinephrine typically acts to 
increase blood pressure in a subject and is used as a model for hypertension (Sokrab et al., 
supra). 

Applicants submit that the Examiner is in error in combining the teachings of Banks 
and Caro with the teachings of Borges as the two papers are discussing entirely different 

24 



Application No.: 10/049,182 Docket No.: 01017/36667 

Response to Final Action Dated 8/18/05 

mechanisms of transport. Banks and Caro teach that leptin requires a specific transport 
mechanism to transport exogenous leptin across the BBB. In contrast, Borges teaches that 
epinephrine non-specifically increases the permeability of molecules across an artificial BBB 
model, as well as affects many other pathways in a subject. A person of ordinary skill reading 
Borges would not reasonably expect that an agent that non-specifically increases BBB 
permeability would cause a specific transport leptin across the BBB via the specific transport 
system discussed in Banks and Caro. Therefore, disclosure of a specific transport system for 
leptin in Banks and Caro would not motivate a worker of ordinary skill to look to the teaching of 
Borges, which teaches a non-specific transporter such as epinephrine, to arrive at the methods of 
the present invention. 

Indeed, Applicants believe that the cited art suggests a teaching away from the 
methods claimed in the present invention. Borges teaches that epinephrine has many nonr 
specific effects in the body, including disrupting the BBB, and can allow any molecule to diffuse 
across the BBB in an uncontrolled manner. As such, one of ordinary skill would have no 
motivation to administer epinephrine in conjunction with any molecule that requires specific 
uptake across the BBB, because epinephrine would cause a random non-specific diffusion of all 
molecules. There is certainly no indication in Borges, or Banks and Caro, that epinephrine may 
also cause a specific uptake of any molecule. Given this lack of teaching in the art, there would 
be no reasonable expectation of success at obtaining the specific transport of leptin as being 
claimed in the present invention. One of ordinary skill would reasonably expect that 
administration of epinephrine would disrupt the BBB to such an extent that any molecule would 
diffuse across the membrane and therefore leptin would be just one of many molecules crossing 
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the BBB, thereby negating the specific effect desire by the administration of leptin disclosed 
herein. 

In view of the art teaching away from use of epinephrine to specifically induce 
transport across the BBB, Banks and Caro do not provide motivation to look to Borges, and vice 
versa, to arrive at the present invention. One of ordinary skill would have no motivation to 
arrive at the present invention based on the disclosures of Banks, Borges and Caro. Therefore, 
the rejection of claims 1-5 under 35 USC §103 should properly be withdrawn. 



IV. Conclusion 

No fees are believed due in connection with the filing of this response, however, 
should any fees be deemed necessary, the Commissioner is hereby authorized to deduct any such 
fees from Marshall, Gerstein and Borun LLP account number 13-2855. 

Applicants submit that the application is now in condition for allowance and 
respectfully request notice of the same. 



Dated: October 1 8, 2005 Respectfully submitted, 




Katherine L. Neville, Ph.D. 
Registration No.: 53,379 
MARSHALL, GERSTEIN & BORUN LLP 
233 S. Wacker Driver, Suite 6300 
Sears Tower 

Chicago, Illinois 60606-6357 
(312) 474-6300 
Agent for Applicant 
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PART FOURTEEN NEUROLOGIC DISORDERS 



Chromosome 
location 



Disorder 



Xq27.3 



Fragile-X syndrome 



Principal clinical 
findings/Phenotype 



Mode of 
inheritance 



Xq28 
Xq28 



Adrenoleukodystrophy 



Abbreviations: AD. 
SOURCE: Manin JB. 



Decreased head size, X-LR 
prominent forehead, 
large ears, macro- 
orchidism. mental 
retardation. 
Mild neuropathy, spastic X-LR 
paraparesis, baldness, 
hypogonadism, 

p m »r,, rv ■( . hypoadrenalism. 

d^sSoohv USCU,ar Onset before age 10, X-LR 
oysiropny benign course 

characterized by slowly 
progressive proximal 
weakness, cardiac 
arrhythmias may occur. 



Geriotype/gene product Genetic testing? 



Gene characterized by 
trinucleotide 5' repeats 
ofCGG. Gene 
identified as FMR-] . 

Gene characterized. 
Unknown. 



Ref. (of 
Chap.) - 



Yes. 



Possible. 



Not available? 



62 and 378 



377' 



385 



I 



SM^fcr^. HPRT. h^HiHe-guanine phosphoribosyiu^s^ 



ion that dopamine cells are affected in Parkinson V disease led to 
therapy with leyodopa In Huntington's disease, it has been possible 
to define the subsets of neurons affected. by the degenerative process 

™TJH d ,0 u S u° W SelCC,ive othCT <*» ty£s (see 

Chap. 370). Although this has not led yet to specific theorieTabout 

Sen,2v n r S fi ft dea,h> k h3S reSUhed in 'Potions about 
potentially beneficial therapeutic strategies. 

ne^ a ." y ° f t 1 hese " e ^ , y discovered neuropeptides appear to share 
nerve terminals and often even secretory vesicles with conventional 

^ZlTnTT; "T likC,y tha ' ^peptides exert profound 
modulatory effects on the actions of the primary neurotransmitter. In 
other cases the peptide may influence neuronal plasticity, growth, or 
differentiation. A most surprising discovery was the lecognition that 

s'vmnar* *" * -WK^S 

synthase, acts after cellular release to exert a variety of effects on 

neural tissues First recognized as an endothelial celWerived muscle 

aninT^n ^ 85 in * e *eatmen, » 

ang.na), NO can be both beneficial and toxic to brain cells. Subclasses 
of neurons contain NO synthase, as for example do NADPH 
diaphorase-positive neurons of the striatum, and NO release in normal 

XT n, h Can aC,,VatC ° ,her neUr ° nS - Excessive relea « can prove 
toxic Other gases, such as carbon monoxide-, may also serve 

modulatory roles in nervous tissue. 

BIOCHEMICAL CLASSIFICATION OF RECEPTOR SUBTYPES 

frn^K . m ° St i m f 0I,am inSigh,S from "^biology have resulted 
£l« I 0 "" 18 ° f ,hC g f n " ° f SCVeraI ^transmitter and hormone 
receptors that are critical to brain function. Based on pharmacologic 

medi^ K° ne V 3 , diffi / U " *° aCCOUnt f0r dive ^e effeSs 
mediated .by molecules of low molecular weight. For example 
pharmacologic analysis of acetylcholine disclosed muscarinic and 
nicotinic effects. With the biochemical elucidation of acetylcholine 

2r b T and by ^ ° f m ° ,eCU,ar c,oni »e techniques „d 
molecular probes, ,t ,s now established that multiple forms of 
muscamnic(Ml, M2, M3, M4, and MS) and nicotinic^! Z N2) 
receptor ex.st in the brain and tha, their distribution varies from 
region to regton. Thus, differences in receptor subtypes expressed in 

ef£rof r T nS °H ,he brain aCC ° Um fOT ,he ^pJex'mulriple 
ettects of the medications acting on cholinergic receptors. The 
molecular specifict.es of the various receptor subtypes provide 
nZnLrr T hiCH '° $earch fOT 'elective ^onists and 

SKf-w exam ? e ' M1 agonis,s ma y faci,ita,e mem ^. 

Regional deferences m the d 1S tribution of the subtypes of the nicotinic 
chol,„erg,c receptor ,n the central nervous system make it possible 
to explore the neurologic basis of nicotine addiction 

, em fo e „ nMfiCati0n ° f ,hC SUbclaSSeS ° f ,he a 'P ha - Md beta-adrenergic. 
mc^T; ga, " ma - am ; nobu 'yricacid(GABA), and glutamatergic 
receptors makes it possible to correlate structure and function and 



provide a rational basis for molecular classification of drug actions " 
In the case of the GABA receptor, structural features mat acloS 
*e^nte^ tl o n of barbiturates and benzodiazepines can now ^ 

Subclasses of glutamate receptors mediate excitatory amino acid ' 
neurotransmitter effects. Glutamate, one of the most abundant of aft 
neurotransmitters in the brain, functions to promote rapid neurotrans- 
mitter Repolarization by opening membrane channels that permit 
diffusion of sodium and potassium ions. These rapid effect™ 
med.ated by two receptor subtypes, identified hyli^and binding with l - 
kamate and AMPA. The identification of an additional sub^Tof 
glutamate receptor which binds Ar-methyl-D-aspartate (the NMDA 

tTonT% r ne m tSnT ib,e identification of addi ^nal glutamate Tunc 
tions The NMDA receptor appears to mediate other functions thai 
heretofore were classed in the category of plasticity, a procea 
NMnA ere<, K^ PO T , , , ' f ° r eXamp,e ' in memo ^ and learning. The 

chan^S g J U,amate iS Knked * * voltage-sensitive 

channel that responds to repetitive activation by the opening of an 
ion channel. The actions of calcium permit transduction \of electric^ 
events into molecular changes that™ Walter; neurona^ction 
Cha " 8e «»«>ar ^ :to ^ a ^ 
Based orrdefinitive experimental results, it is now clear thai 

f h C 1Va r °! *k NM P A Ca " 3,50 have deleteri ™ effects on 

rl2 CK y ? Um Cmiy M^ heutitbricity that, if sum- 
exol inT^' Tu^ t0 nCUr0nal CeU death - ™ s mechanism mov 
fscheml T C ° f CX ' CnSiVe " eUronal ceH dama 8e that occurs in 
fsee Choi) P PSy ' 3nd ' P erta P s > n e^egenerative disease* 

These findings have resulted in greaf Interest ? in the develop- 
mem of new drugs that might selectively block the NMDA receptor. 

2 y 0 rrr^ g H ,he CffeC,S ° f iSChemia 0rh yP° xia 'hat occl i 
stroke or after cardiorespiratory arrest. The profound potential of 

, "f 'l'"^ by ,he d e-nonstra,ion that NMDA recep.cn 

"2S5SS^ several hours after ,he neuronai insu " 

Cloning of cellular membrane channels (sodium, potassium 
calcium also has had a profound effect on defining mecnanisms oi 
neuronal excitability. It is anticipated that these findings wJLd 
IS rmgS: «* epilepsy, neLprotection. 

anfZT ,MAG0IG U development of computed tomography 
and proton imaging by magnetic resonance has revolutionized J, 
ability to define lesions in the brain and spinal cord (see Chap 365) 
Other techniques have been developed to make i, possible to tudv 
brain funcon as well as structure by the application of posnro , 
•eni.ss.on tomography (PET),singIepho.onemission co mpu ,edm~ 



- Indication Dose and Route nmmPn 



Agent 



ADRENERGIC AGONISTS* 



Epinephrine 

Norepinephrine 

Isoproterenol 

Dobutamine 
Phenylephrine 

Terbutaline 

Albuterol 

Isoetharine 
Metaproterenol 

Pirbuteral 
Ritodrine 



Anaphylaxis 



Shock 

Hypotension 

Cardiogenic shock 
Bradyarrhythmias 
AV block 
Asthma 

Refractory CHF 
Cardiogenic shock 

Hypotension 

Supraventricular tachycardia 
Asthma 

Asthma 

Asthma 
Asthma 

Asthma 

Premature labor 



10O-500 jig SC or IM 
(0.1-0.5 mL of 1/1000 
solution of hydrochloride 
salt); 25-50 |xg IV (slowly) 
every 5-15 min; titrate as 
needed 

2-4 jtg of NE base/min IV; 
titrate as needed 



0.5-5.0 M-g/min IV; titrate 
as needed 

Inhalation 

2.5-25 (p.g/kg)/mm IV 



40-180 u,g/min IV 

150-800 u-g slow IV push 

2.5-5.0 mg PO tid; 0.25- 
0.5 mg SC; inhalation 
every 4-5 h 

2.0-4.0 mg PO tid or qid; 

inhalation every 4-6 h 
Inhalation every 2-4 h 
1O-20 mg PO tid or qid; 

inhalation every 3-4 h 
Inhalation every 4-6 h 
100-350 jtg/min IV; 10-20 

mg every 4-6 h PO 



DOPAMINERGIC AGONISTS 



Dopamine 



Shock 



Bromocriptine 



Amenorrhea-galactorrhea 
Acromegaly 



2-5 (*tg/kg)/min IV 
(dopaminergic range) 

5-10 (|ig/kg)/min IV 
(dopaminergic and beta 
range) 

10-20 (M.g/kg)min IV 

(beta range) 
20-50 (p.gfcg)/min IV 

(alpha range) 
2.5 mg PO bid or tid 

5-15 mgPOtidorqid 



INHIBITORS OF CENTRAL SYMPATHETIC OUTFLOW 



Clonidine 



Hypertension 



Methyldopa Hypertension 
ADRENERGIC NEURON BLOCKING AGENTS 



0.1-0.6 mgPObid 



250-500 mg PO every 
6-8 h 



Guanethidine 



Hypertension 



Bretylium 

BETA BLOCKING AGENTS 
Propranolol 



Ventricular fibrillation and 
tachycardia 



10-100 mg PO qd 
5 mg/kg IV 



Nonselective alpha and beta agonist; increases 1 
heart rate 
Bronchodilation 



Alpha and beta, agonist 
Vasoconstriction predominates 
Extravasation causes tissue necrosis; infuse throu 
IV cannula 

Nonselective beta agonist 
Increases cardiac rate and contractility (beta i) ,! 
Tachycardia limits usefulness L - y 

Dilates bronchi (betaj; cardiac stimulation also < 
Selective beta, agonist with greater effect on * 

contractility than heart rate; a congener of dop 

but not a dopaminergic agonist ^ . ; 

Selective alpha, agonist; useful in antagonizing 

hypotension of spinal anesthesia 
Pressor effect induces vagotonic response; do i 

exceed 160 mmH systolic BP 
Selective beta 2 agonist; beta, (cardiac) effects at;g 

higher doses 

Selective beta 2 agonist; beta, effects (cardiac) at j 
higher doses 

Selective beta 2 agonist; some beta, effects 
Selective beta 2 agonist; some beta, effects 

Selective beta 2 agonist; some beta, effects 
Selective beta 2 agonist; hypokalemia, hyperglyc 
hypotension, cardiac stimulation may occur 7 
Neonatal hypoglycemia, hypocalcemia reported 



Pharmacologic effects are dose dependent: renal i 
mesenteric vasodilation predominate at lower do 
cardiac stimulation and vasoconstriction develc 
the dose is increased 



Selective agonist of dopamine-2 receptor, inhibits! 
prolactin secretion 

Lowers growth hormone in a minority of patiento| 
acromegaly . • :' JiS 



Selective alpha 2 agonist; potentiates central 

baroreceptor depressor reflex 
Abrupt discontinuation may result in withdrawal^ 

syndrome with rebound hypertension - 
Metabolized by decarboxylation and beta 

hydroxylation to a-methyl-norepinephrine, a 

centrally active selective alpha 2 agonist 



Concentrated in sympathetic nerve endings; block 
release of NE in response to nerve impulses andj 
depletes NE stores; prominent orthostatic 
hypotension 

In addition to blocking NE release, has direct eti 
on electrical properties of cardiac muscle 



Metoprolo) 



Hypertension 
Angina 

Myocardial infarction 
Arrhythmias 

Hypertrophic cardiomyopathy 
Pheochromocytoma 

Essential tremor 

Migraine 

Hyperthyroidism 

Hypertension 



40-160 mg PO bid (or 
higher) 

10-40 mg PO tid or qid 
60-80 mg PO tid 
10-30 mg PO tid or qid; 

1-3 mg IV 
20-40 mgPO tidorqid 
10-20 mg PO tid or qid; 

0.5-2.0 mg IV 
20-80 mg PO tid 
20-80 mgPO bid or tid 
10-60 mg PO tid or qid 
50-200 mg PO bid 

1AA DO UlA 



Lipophilic, nonselective 
Dosage highly variable 

Prolongs survival post MI 



After alpha blockade initiated 



Selective beta, (cardiac), lipophilic 

Pmlnnoc survival nnst Ml 



^ W I Some commonly used autonomic drugs* 6 ' 5 (continued) 



Indication 



Dose and Route 



Comment 



|ff I. OCKING AGENTS " ; coniith-iC-il ■ 



In! 



Hypertension 
Angina 
Hypertension 
Myocardial infarction 
Hypertension 

Hypertension 

Angina 

Hypertension 

Arrhythmias 

Hypertension 

Hypertension 

Hypertension 

Supraventricular tachycardia 



80-320 mg PO qd 
80-240 mg PO qd 
10-30 mg PO bid 
10 mg PO bid 
50-100 mg PO qd 

5-30 mgPO bid 
10 mg PO qid 
200-800 mg qid 
20O-600 mg bid 
20-40 mg PO qd 
15-20 mgPOqd 
2.5-10 mg PO qd 

50-200 (u,g/kg)/min IV after 
loading dose of 500 u,g/kg/ 
min for 1 min 



Hydrophilic, nonselective; lengthen dosage intei 

with renal failure 
Lipophilic, nonselective 
Prolongs survival post MI 
Selective beta,, hydrophilic; lengthen dosage in 

with renal failure 

Nonselective, lipophilic with partial agonist act! 
Selective beta,, hydrophilic, partial agonist acti 
Nonselective 

Selective hydrophilic 
Nonselective, partial agonist activity, hydrophil 
lengthen dosage interval with renal failure 
Selective beta,, very short duration of action 



O, [-.LOCKING AGEN1 



\ Ik n/ amine Pheochromocytoma 

mm- Pheochromocytoma 

Hypertension 
CHF 

n Hypertension 
, Hypertension 

MWIf D ALPHA-BETA BLOCKING- AGE*' 



•lot 



Hypertension 



''AMINERGiC ANTAGONIST 



»oj»ramide 



Diabetic gastroparesis 

Gastroesophageal reflex 
Antiemetic (cancer 
chemotherapy) 



''m*NG\ IONIC BLOCK! KG AGENT 
:%»>ft»cth;iplian 



Hypertensive crisis (aortic 
dissection) 



-pHOl INERG1C AGEN-7 



10-60 mg PO bid; titrate as 
needed 

5 mg IV (after test dose of 
0.5 mg) 

1- 5 mg PO bid or lid 

2- 7 mg PO qid 
1-16 mg PO qd 

1-5 mg PO qd 



Noncompetitive, nonselective alpha blockade 

Competitive, nonselective alpha blockade 

Competitive, selective alpha, blockade 

Competitive selective alpha, blockade, long dui 
of action 

Competitive, selective alpha, blockade, long di 
of action 



100-1200 mg PO bid; titrate Competitive alpha and beta antagonist with reU 
slowly as needed; more activity against beta receptors 

20-80 mg IV (by increments 
up to 300 mg); 

2 mg/min by IV infusion 



10 mg PO qid 

10-15 mgPOqid 
10 mg IV 



1-3 mg/min IV 



Competitive dopaminergic antagonist with pror 
cholinergic agonist activity 



Competitive ganglionic blocker; some direct 
vasodilating effects; inhibits parasympathetic 
as sympathetic nervous system 



ftaJiMici-hol 



Urinary retention 
(nonobstructive) 



10-100 mg PO tid or qid; 
5 mg SC 



M-2 receptor agonist 



Afc i iCHOLINESTERASE AGENTS? 



Hi j w»m limine 



t -iiiophnuium 



Central cholinergic blockade 



Paroxysmal supraventricular 
tachycardia 



1-2 mg IV (slow) 



5 mg IV (after 1.0-mg test 
dose) 



Tertiary amine; penetrates CNS well; may cau: 
seizures; used to reverse central anticholincrp 
effects produced by overdose of atropine or n 
antidepressants 

Induces vagotonic response; rapid onset, short 
duration of action; effects reversed by uiropir 



f Mui.lNERGiC BLOCKING AGEfVTS 



Miopiiir' 



Bradycardia and hypotension 



0.4-1 .0 mg IV every 1-2 h 



Competitive inhibition of M-l and M-2 ivccpii 
blocks hemodynamic changes ass«x-iatcU with 
increased vagal tone 

i oiivmIi lomplcteprcscribing information. 6 Doses for children arc not given. c Only the more common indications and routes of admi nisi ration an- listed. 
1 M|.:.nimcrgic agonists are listed separately although dopamine, at high doses, is an adrenergic agonist as well. 

i imiral efficacy of most beta blockers appears similar for major indications. Not all beta blockers are FDA approved for all indications listed in the table. When bels 
ayeMs are discontinued, gradual dosage reduciion is recommended. Both beta, selective and nonselective agents have cardioprotective effects after myocardial in I arctic 
Nrui.ilepiie and antipsychotic agents are also dopaminergic antagonists; these are not included in the table. 

A rm.|ot use of cholinesterase inhibitors is in myasthenia gravis (Chap 386). These agents, quaternary amines that do not penetrate the CNS. are not included here. 
a variety of synthetic atropine derivatives "are available for the purpose of (I) diminishing Gl tract motility and secretion and (2) increasing urinary bladder capac 
i.M-hiliH-ss is limited by anticholinergic side effects. Some may be useful as adjuncts in the treatment of peptic ulcer disease. 
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F 1 : Retina. 2005 Jul-Aug;25(5):6 19-24. Related Articles, Links 

Human vitreous distribution of linezolid after a single oral dose. 



CkdlaTA, 



Peloquin C , Wheeler J . 



Vitreoretinal Service, Midwest Eye Institute, Indianapolis, Indiana 46280, USA. 
thomasciulla@yahoo.com 

PURPOSE: To evaluate the relationship between vitreous linezolid concentrations 
versus both time and serum concentrations after a single 600 mg oral dose. 
METHODS: Two groups of six subjects undergoing a pars plana vitrectomy 
indicated by macular pucker or foil thickness macular hole were given a single 
tablet of linezolid before surgery. The early group underwent vitrectomy at random 
times before the time of maximum serum linezolid concentration (i.e., 77 minutes) 
and the late group underwent vitrectomy at random times afterward. Each patient 
had a serum sample drawn shortly before and after vitrectomy and the vitreous 
specimen was sampled at the initiation of surgery. RESULTS: The early group and 
late group had mean vitreous linezolid concentrations of 0.06 mcg/mL and 1 .25 
mcg/mL, respectively. The vitreous linezolid concentration showed a strong 
correlation to the interpolated serum concentration (R2 -= 0.74, P < 0.01) at the time 
of vitrectomy. CONCLUSION: The study demonstrates that linezolid penetrates the 
blood-retina barrier in noninflamed eyes. Because the vitreous concentrations 
appeared to exponentially trend upward with time and 33% of the late group 
achieved sufficient MIC90 levels for the common pathogens found in postoperative 
endophthalmitis, adequate concentrations might be achieved with an altered dosing 
regimen to achieve higher serum steady state levels. Further study is warranted. 

PMID: 16077360 [PubMed - indexed for MEDLINE] 
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Large molecule and particulate uptake in the nasal cavity: the effect 
of size on nasal absorption. 

Huang Y, Donovan MP . 

The University of Iowa, College of Pharmacy, Iowa City, IA 52242, USA 

One of the characteristics influencing the increased interest in the nasal cavity as a 
site for systemic drug delivery is the ability of large molecules to permeate through 
the nasal mucosa into the systemic circulation. Compilations of data regarding the 
absorption of large therapeutic agents, peptides and proteins in particular, along 
with more systematic studies using polymeric compounds have shown that for 
compounds larger than 1000 Da, bioavailability can be directly predicted from a 
knowledge of molecular weight. In general, the bioavailability of these large 
molecules ranges from 0.5 to 5%. Particulate uptake also occurs in the nasal 
mucosa, and particles up to approximately 1 microm have been shown to rapidly 
enter the bloodstream following intranasal administration. The unique barrier 
properties of this mucosal delivery site give it great promise as a route for the 
systemic administration of large molecules. 

PMID: 10837585 [PubMed - as supplied by publisher] 
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The effect of vascular endothelial growth factor on angiogenesis: an 
experimental study. 

Becit N . Ceviz M . KocakEL Yekeler I , UnluY, Celenk C . Akin Y . 

Department of Cardiovascular Surgery, 19 Mayis University School of Medicine, 
Erzurum, Turkey. 

OBJECTIVE: to evaluate the effects of exogenous vascular endothelial growth 
factor (VEGF) on angiogenesis in a rabbit model of persistent hind limb ischaemia. 
MATERIALS AND METHODS: ischaemia was induced in the hind limbs of 42 
New Zealand white rabbits divided into six groups, each of 7 animals. Group la and 
lb received intramuscular injections of 1 and 2 mg VEGF/day, respectively, into 
the ischaemic hind limb for 10 days beginning on postoperative 1 1th day, and group 
lc received IM injections of saline only . Group 2a and 2b received similar regimen 
of VEGF, but administered intra-arterially. Group 2c served as controls. Perfusion 
of the ischaemic limb was evaluated by thigh blood pressure and thigh 
circumference at 10, 25 and 40 days following limb ischaemia in all animals and by 
digital subtraction angiography, perfusion scans, histological examination of 
capillary density in 2 animals from each group. RESULTS: thigh pressure index 
and thigh circumference improved significantly in the VEGF treated animals 
(Groups la,b and 2a,b). Collateral formation, as assessed by angiography, 
scintigraphy and by histological examination, indicated marked formation of 
collaterals in the VEGF treated animals as compared with the controls. This was 
most pronounced in groups receiving the highest dose of VEGF. CONCLUSION: 
these data suggest that VEGF promotes angiogenesis, that the route of 
administration is unimportant, but that a dose-response relationship is present in this 
experimental ischaemic hind limb model. Copyright 2001 Harcourt Publishers 
Limited. 
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Time After Administration - Hr 

Fig 10. Blood concentration in mg/100 mL of theophylline (ordi- 
nate) following administration to humans of aminophylline in the 
amounts and by the routes indicated. Doses: per 70 kg. 
Theophylline-ethylenediamine by various routes: intrave- 
nous, 0.5g; retention enema, 0.5g; oral tablets- 
PL, 0.5 g; - - - oral tablets-PL, 0.3 g; •••• rectal suppository, 0.5 g 
(courtesy, Truitt ef a/, 8 adapted). 

but in common medical usage the term excludes topical admin- 
istration and includes only various hypodermic routes. 
Parenteral administration includes the intravenous, intramus- 
cular and subcutaneous routes. Parenteral routes may be 
employed whenever enteral routes are contraindicated (see 
above) or inadequate. 

The intravenous route may be preferred on occasion, even 
when a drug may be well-absorbed by the oral route. There is 
no delay imposed by absorption before the administered drug 
reaches the circulation, and blood levels rise virtually as rap- 
idly as the time necessary to empty the syringe or infusion 
bottle. Consequently, the intravenous route is the preferred 
route when an emergency calls for an immediate response. 

In addition to the rapid rise in plasma concentration of drug, 
another advantage of intravenous administration is the greater 
predictability of the peak plasma concentration, which, with 
some drugs, can be calculated with a fair degree of precision. 
Smaller doses generally are required by the intravenous than 
by other routes, but this usually affords no advantage, inas- 
much as the sterile injectable dosage form costs more than 
enteric preparations and the requirements for medical or para- 
medical supervision of administration also may add to the cost 
and inconvenience. 

Because of the rapidity with which drug enters the circula- 
tion, dangerous side effects to the drug may occur which are 
often not extant by other routes. The principal untoward 
effect is a depression of cardiovascular function, which is 
often called drug shock. Consequently, some drugs must be 
given quite slowly to avoid vasculotoxic concentrations of 
drug in the plasma. Acute, serious, allergic responses also 
are more likely to occur by the intravenous route than by other 
routes. 

Many drugs are too irritant to be given by the oral, intramus- 
cular or subcutaneous route and must, of necessity, be given 
intravenously. However, such drugs also may cause damage 
to the veins (phlebitis) or, if extravasated, cause necrosis 
(slough) around the injection site. Consequently, such irri- 
tant drugs may be diluted in isotonic solutions of saline, 
dextrose or other media and given by slow infusion, providing 
that the slower rate of delivery does not negate the purpose of 
the administration in emergency situations. 

Absorption by the intramuscular route is relatively fast 
and this parenteral route may be used where an immediate 
effect is not required but a prompt effect is desirable. Intra- 
muscular deposition also may be made of certain repository 



preparations, rapid absorption not being desired. Absorp- 
tion from an intramuscular depot is more predictable and 
uniform than from a subcutaneous site. 

Irritation around the injection site is a frequent accompani- 
ment of intramuscular injection, depending upon the drug and 
other ingredients. Because of the dangers of accidental intra- 
venous injection, medical supervision generally is required. 
Sterilization is necessary. 

In subcutaneous administration the drug is injected into the 
alveolar connective tissue just below the skin . Absorption is 
slower than by the intramuscular route but, nevertheless, may 
be prompt with many drugs. Often, however, absorption by 
this route may be no faster than by the oral route. Therefore, 
when a fairly prompt response is desired with some drugs, the 
subcutaneous route may not offer much advantage over the 
oral route, unless for some reason the drug cannot be given 
orally. 

The slower rate of absorption by the subcutaneous route is 
usually the reason why the route is chosen, and the drugs 
given by this route are usually those in which it is desired to 
spread the action out over a number of hours, in order to avoid 
either too intense a response, too short a response or frequent 
injections. Examples of drugs given by this route are insulin 
and sodium heparin, neither of which is absorbed orally and 
both of which should be absorbed slowly over many hours. 
In the treatment of asthma, epinephrine usually is given subcu- 
taneously to avoid the dangers of rapid absorption and conse- 
quent dangerous cardiovascular effects. Many repository 
preparations, including tablets or pellets, are given 
subcutaneously. As with other parenteral routes, irritation 
may occur. Sterile preparations also are required. 
However, medical supervision is not required always and self- 
administration by this route is customary with certain drugs, 
such as insulin. 

Intradermal injection, in which the drug is injected into, 
rather than below the dermis, is rarely employed, except in 
certain diagnostic and test procedures, such as screening for 
allergic or local irritant responses. 

Occasionally, even by the intravenous route, it is not pos- 
sible, practical or safe to achieve plasma concentrations high 
enough so that an adequate amount of drug penetrates into 
special compartments, such as the cerebrospinal fluid, or 
various cavities, such as the pleural cavity. The brain is 
especially difficult to penetrate with water-soluble drugs. 
The name blood-brain barrier is applied to the impediment 
to penetration. When drugs do penetrate, the choroid plexus 
often secretes them back into the blood very rapidly, so that 
adequate levels of drugs in the cerebrospinal fluid may be 
difficult to achieve. Consequently, intrathecal or intraven- 
tricular administration may be indicated. 

Body cavities such as the pleural cavity normally are wetted 
by a small amount of effusate which is in diffusion equilibrium 
with the blood and, hence, is accessible to drugs. However, 
infections and inflammations may cause the cavity to fill with 
serofibrinous exudate which is too large to be in rapid diffu- 
sion equilibrium with the blood. Intracavitary administra- 
tion, thus, may be required. It is extremely important that 
sterile and nonirritating preparations be used for intrathecal 
or intracavitary administration. 

Inhalation Route — Inhalation may be employed for deliv- 
ering gaseous or volatile substances into the systemic circula- 
tion, as with most general anesthetics. Absorption is virtu- 
ally as rapid as the drug can be delivered into the alveoli of the 
lungs, since the alveolar and vascular epithelial membranes 
are quite permeable, blood flow is abundant arid there is a very 
large surface for absorption. 

Aerosols of nonvolatile substances also may be adminis- 
tered by inhalation, but the route is used infrequently for 
delivery into the systemic circulation because of various fac- 
tors which contribute to erratic or difficult-to-achieve blood 
levels. Whether or not an aerosol reaches and is retained in 
pulmonary alveoli depends critically upon particle size. 
Particles greater than 1 \xm in diameter tend to settle in the 



bronchioles and bronchi, whereas particles less than 0.5 jxm 
, fail to settle and mainly are exhaled. Aerosols are employed 
mostly when the purpose of administration is an action of the 
drug upon the respiratory tract itself. An example of a drug 
commonly given as an aerosol is isoproterenol, which is em- 
ployed to relax the bronchioles during an asthma attack. 

Topical Route — Topical administration is employed to 
deliver a drug at, or immediately beneath, the point of 
application. Although occasionally enough drug is absorbed 
into the systemic circulation to cause systemic effects, absorp- 
tion is too erratic for the topical route to be used routinely for 
systemic therapy. However, various transdermal prepara- 
tions of nitroglycerin and clonidine are employed quite suc- 
cessfully for systemic use. Some investigations with aprotic 
solvent vehicles such as dimethyl sulfoxide (DMSO) also has 
generated interest in topical administration for systemic 
effects. A large number of topical medicaments are applied 
to the skin, although topical drugs are also applied to the eye, 
nose and throat, ear, vagina, etc. 

In man, percutaneous absorption probably occurs mainly 
from the surface. Absorption through the hair follicles oc- 
• curs, but the follicles in man occupy too small a portion of the 
total integument to be of primary importance. Absorption 
through sweat and sebaceous glands generally appears to be 
minor. When the medicament is rubbed on vigorously, the 
amount of the preparation that is forced into the hair follicles 
and glands is increased. Rubbing also forces some material 
through the stratum corneum without molecular dispersion 
and diffusion through the barrier. Rather large particles of 
substances such as sulfur have been demonstrated to pass 
intact through the stratum corneum. When the skin is dis- 
eased or abraded, the cutaneous barrier may be disrupted or 
defective, so that percutaneous absorption may be increased 
Since much of a drug that is absorbed through the epidermis 
diffuses into the circulation without reaching a high concentra- 
tion in some portions of the dermis, systemic administration 
may be preferred in lieu of, or in addition to, topical adminis- 
tration. 

Factors That Affect Absorption 

In addition to the physicochemical properties of drug mol- 
ecules and biological membranes, various factors affect the 
rate of absorption and determine, in part, the choice of route 
of administration. 

Concentration — It is self-evident that the concentration, 
or, more exactly, the thermodynamic activity, of a drug in a 
drug preparation will have an important bearing upon the rate 
of absorption, since the rate of diffusion of a drug away from 
the site of administration is directly proportional to the 
concentration. Thus, a 2% solution of lidocaine will induce 
local anesthesia more rapidly than a 0.2% solution. 
However, drugs administered in solid form are not absorbed 
necessarily at the maximal rate (see Physical State ofFormu- 
kuion and Dissolution Rate, below). 

After oral administration the concentration of drugs in the 
gut is a function of the dose, but the relationship is not neces- 
sarily linear. Drugs with a low aqueous solubility (eg, digi- 
toxin) quickly saturate the gastrointestinal fluids, so that the 
rate of absorption tends to reach a limit as the dose is increased. 
The peptizing and solubilizing effects of bile and other constitu- 
ents of the gastrointestinal contents assist in increasing the 
rate of absorption but are in themselves somewhat erratic. 
Furthermore, many drugs affect the rates of gastric, biliary 
and small intestinal secretion, which causes further deviations 
from a linear relationship between concentration and dose. 

Drugs that are administered subcutaneously or intramuscu- 
larly also may not always show a direct linear relationship 
between the rate of absorption and the concentration of drug 
in the applied solution, because osmotic effects may cause 
dilution or concentration of the drug, if the movement of water 
or electrolytes is different from that of the drug. Whenever 
possible, drugs for hypodermic injection are prepared as iso- 
tonic solutions. Some drugs affect the local blood flow and 



capillary permeability, so that at the site of injection there may 
be a complex relationship of concentration achieved to UV 
concentration administered. * 

Physical State of Formulation and Dissolution Rate 
The rate of absorption of a drug may be affected greatly by th. 
rate at which the drug is made available to the biological fluid 
at the site of administration. The intrinsic physicochemical 
properties, such as solubility and the thermodynamics of dis 
solution, are only some of the factors which affect the rate <>i 
dissolution of a drug from a solid form. Other factors includ. 
not only the unavoidable interactions among the various ingn • 
dients in a given formulation but also deliberate intervention n 
to facilitate dispersion (eg, comminution, Chapter 83 ami 
dissolution, Chapter 34) or retard it (eg, coatings, Chapter HM 
and slow-release formulations, Chapter 94). There also an 
factors that affect the rate of delivery from liquid forms. F< m 
example, a drug in a highly viscous vehicle is absorbed mon- 
slowly from the vehicle than a drug in a vehicle of low viscos 
ity; in oil-in-water emulsions, the rate depends upon the part i 
tion coefficient. These manipulations are the subject of bi« > 
pharmaceutics (see Chapter 94). 

Area of Absorbing Surface— The area of absorbing snr 
face is an important determinant of the rate of absorption 
To the extent that the therapist must work with the absorbing 
surfaces available in the body, the absorbing surface is noi 
subject to manipulation. However, the extent to which tin- 
existing surfaces may be used is subject to variation. In 
those rare instances in which percutaneous absorption is in- 
tended for systemic administration, the entire skin surface is 
available. 

Subsequent to subcutaneous or intramuscular injections, 
the site of application may be massaged in order to spread tin- 
injected fluid from a compact mass to a well-dispersed deposii 
Alternatively, the dose may be divided into multiple small 
injections, although this recourse is generally undesirable. 

The different areas for absorption, afforded by the various 
routes account, in part, for differences in the rates of absorp 
tion by those routes. The large alveolar surface of the Iun«s 
allows for extremely rapid absorption of gases, vapors and 
properly aerosolized solutions; with some drugs the rate nl 
absorption may be nearly as fast as intravenous injection. In 
the gut the small intestine is the site of the fastest, and henrr 
most, absorption because of the small lumen and highly devel- 
oped villi and microvilli; the stomach has a relatively small 
surface area, so that even most weak acids are -absorbed 
predominately in the small intestine despite a pH partition 
factor that should favor absorption from the stomach (see Tin 
pH Partition Principle, page 7 15). 

Vascularity and Blood Flow— Although the thermal velor 
ity of a freely diffusible average drug molecule is on the order 
of meters per second, in solution the rate at which it will 
diffuse away from a reference point will be much slower 
Collisions with water and/or other molecules, which cause a 
random motion, and the forces of attraction between the dnie. 
and water or other molecules slow the net mean velocity. 

The time taken to traverse a given distance is a function nl 
the square of the distance; on the average it would take abom 
0.01 second for a net outward movement of 1 u.m, 1 second 
for 1 0 u.m, 1 00 second for 1 00 |xm, etc. In a highly vascular 
tissue, such as skeletal muscle, in which there may be moiv 
than 1000 capUlaries/mm 2 of cross section, a drug molecule 
would not have to travel more than a few microns, hence, less 
than a second on the average, to reach a capillary from a point 
of extravascular injection. 

Once the drug reaches the blood, diffusion is not importani 
to transport and the rate of blood flow determines tin- 
movement. The velocity of blood flow in a capillary is abom 
1 mm/sec, which is 1 00 times faster than the mean net velo< 
ily of drug molecules 1 mm away from their injection site 
The velocity of blood flow is even faster in the larger vessels 
Overall, less than a minute is required to distribute drti>» 
molecules from the capillaries at the injection site to the rest 
ofthebody. 
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ABSTRACT: Leptin, a 16-kDa protein secreted 
from white adipocytes, has been implicated in the 
regulation of food intake, energy expenditure, and 
whole-body energy balance in rodents and humans. 
The gene encoding leptin was identified by positional 
cloning and is the mutation leading to the profound 
obese phenotype of the ob/ob mouse. Exogenous 
administration of leptin to ob/ob mice leads to a 
significant improvement in reproductive and endo- 
crine status as well as reduced food intake and weight 
loss. The expression and secretion of leptin is highly 
correlated with body fat mass and adipocyte size. 
Cortisol and insulin are potent stimulators of leptin 
expression, and expression is attenuated by 0-adrener- 
gic agonists, cAMP, and thiazolidinediones. The role of 
other hormones and growth factors in the regulation of 
leptin expression and secretion is emerging. Leptin 
circulates specifically bound to proteins in serum, 



Introduction 

Obesity is a major health issue in much of the 
human population. In the United States, it is esti- 
mated that over 30% of the population is overweight 
by at least 20%, and this proportion is increasing. A 
conservative estimate over 10 yr ago of the total 
economic costs of obesity in the United States was 
$39.3 billion, considering all of the associated dis- 
eases; more recent estimates are much higher (Col- 
ditz, 1992). It is also estimated that at least $30 
billion is spent to treat obesity in the United States 
annually (Gura, 1997). Most attempts to treat obesity 
to date, except for the several types of surgical 
removal of the tissue, have failed to result in a 
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which may regulate its half-life and biological activity. 
Isoforms of the leptin receptor, members of the 
interleukin-6 cytokine family of receptors, are found in 
multiple tissues, including the brain. Many of leptin's 
effects on food intake and energy expenditure are 
thought to be mediated centrally via neurotransmit- 
ters such as neuropeptide Y. Multiple peripheral 
effects of leptin have also been recently described, 
including the regulation of insulin secretion by pan- 
creatic j8 cells and regulation of insulin action and 
energy metabolism in adipocytes and skeletal muscle. 
Leptin is thought to be a metabolic signal that 
regulates nutritional status effects on reproductive 
function. Leptin also plays a major role in hematopoei- 
sis and in the anorexia accompanying an acute 
cytokine challenge. The profound effects of leptin on 
regulating body energy balance make it a prime 
candidate for drug therapies for humans and animals. 
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sustained reduction of obesity. An example of the 
sensitivity of the physiology of weight maintenance is 
that the average woman may gain 1 1 kg between the 
ages of 25 and 65, and this is the result of only 350 mg 
of excess daily food on the average. This is in the face 
of more than 18 t of food intake over the 40 yr, or an 
error of less than .03%. 

Obesity per se is not a major concern for animal 
agriculture. However, altering body composition by 
repartitioning of nutrients to favor lean protein 
accretion and improve productive efficiency are major 
goals for animal scientists. Furthermore, regulation of 
feed intake and whole-body energy balance in 
livestock species is important for optimizing animal 
growth, reproduction, lactation, and overall health 
and well-being. Thus, understanding the basic 
mechanisms that regulate adiposity, feed intake, and 
energy metabolism in livestock may lead to new 
technologies that will further enhance animal perfor- 
mance and health. 



Key Words: Leptin, Adipose Tissue, Obesity, Reproduction, Cytokines 
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HOUSEKNECHT ET AL. 
Table 1. Single-gene obesity mutations in rodents 



Name 


A 11 ^ 1 „ 

Allele 


Gene 
Product 


Inheritance 


Degree/ 
onset 


Chromosome 


Mice 












Agouti 


Ay 


AGOUTI protein 


Dominant 


Moderate/adult 


2 


Obese 


ob 


OB protein (leptin) 


Recessive 


Extreme/early 


6 


Diabetes 


db 


UB-K receptor 


Recessive 


Extre me/ early 




Fat 


fat 


Carboxypeptidase E 


Recessive 


Moderate/adult 


8 


Tubby 


tub 


TUB protein 


Recessive 


Moderate/adult 


7 


Rats 












Zucker 


fa/fa 


OB-R receptor 






5 


Corpulent 


La/nf/f 


OB-R receptor 






5 



History and Features of ob/ob Mice 

Research of human obesity and its treatment has 
included extensive use of animal models. One of the 
early models identified is the ob/ob mouse, discovered 
in 1950 (Ingalls et al. f 1950). Animal caretakers at 
the Jackson Laboratories discovered this mouse on the 
C57BL/6J background. Over the years, these mice 
have been the subject of many Science and Nature 
"breakthrough" publications. 

The ob/ob mice have a recessive genetic obesity 
that results in sterile adult mice with over 50% fat. A 
close relative, db/db t was later discovered; these mice 
arose on the C57BL/KSJ background. These mice were 
similarly obese but also were hyperglycemic (Hummel 
et al., 1966). Coleman, of the Jackson Laboratories, 
reported seminal studies using parabiosis (cross- 
circulation) of these mice (Coleman, 1973). Research 
with parabiotic pairs of the ob/ob and db/db mice 
showed a decrease in food intake and body weight in 
the ob/ob pair-mates and a retention of increased food 
intake and weight in their db/db pair-mates. Coleman 
concluded that ob/ob mice fail to make a circulating 
factor from adipose tissue but their brains can respond 
to it and reduce food intake, whereas db/db mice 
make the circulating factor in their adipose tissue but 
their brains cannot respond to it. It was not until 1995 
that studies were possible to verify these hypotheses. 

Discovery of the Ob Gene 

Even though many observations of the metabolism 
and physiology of the ob/ob mice were reported, the 
real genetic defect was impossible to elucidate until 
the powerful tools of biotechnology were available. A 
team led by Jeffrey Friedman at Rockefeller Univer- 
sity published the specific gene defect of ob/ob mice in 
December 1994 after an 8-yr search (Zhang et al., 
1994). Three papers in 1995 clearly showed that the 
ob protein, leptin, eliminated the obesity of the ob/ob 
mice (Halaas et al., 1995; Pelleymounter et al., 1995; 
Rentsch et al., 1995), and these have led to an 
estimated 250 publications in 1996 and nearly another 
250 publications in the first half of 1997 on leptin 
biology and chemistry. Also associated with this 



discovery has been a huge influx of industrial 
investment into research and applications for novel 
treatments of obesity. 

The ob/ob mouse produces no leptin, due to the 
gene mutation. The genetic basis of other obesities in 
rodents have now been reported and are summarized 
in Table 1. It is interesting that none of these has led 
to an explanation of any prevalent form of human 
obesity. In 1997, a very infrequent form of hunger and 
obesity in humans was reported in two patients; it was 
confirmed to be the result of a lack of leptin production 
by their adipocytes (Montague et al., 1997). It has 
been proposed that a composite of genes is likely to be 
responsible for most human obesities, and therefore 
much more research will be required to make major 
strides in the understanding of this human condition. 

The leptin gene has been cloned in pigs (Bidwell et 
al., 1997), and the cloning of leptin genes in other 
livestock species will likely be reported in the near 
future. Due to the lack of published data in farm 
animals, the importance of leptin as a genetic marker 
for animal growth, reproductive, and lactational per- 
formance remains to be determined. 

Discovery and Function of Leptin Receptors 

Tartaglia and coworkers (Tartaglia et al., 1995) 
reported the cloning of the leptin receptor in December 
1995. A high-affinity leptin receptor was cloned from 
mouse choroid plexus (Tartaglia et al., 1995) and was 
genetically mapped to the same interval of mouse 
chromosome 4 that contains the db locus (Tartaglia et 
al., 1995). In the db/db mouse, the mRNA for the 
long form of the receptor is abnormal and yields a 
receptor with a truncated intracellular domain that is 
unable to appropriately signal (Chen et aL, 1996b; 
Chua et al., 1996; Ghilardi et al., 1996; Lee et al., 
1996; Vaisse et al., 1996), thus confirming the 
prediction made by Coleman based on parabiosis 
studies. 

Several splice variants of the single gene exist, 
including the "long" form of the receptor that contains 
a 302 amino acid intracellular domain. The long form 
of the receptor is expressed in various regions of the 
brain and is thought to be responsible for the central 
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actions of leptin (Tartaglia et al., 1995; Glaum et al., 
1996; Mercer et al., 1996b; Elmquist et al., 1997). The 
helical structure of leptin implied that the leptin 
receptor would be similar in structure and function to 
the helical cytokine receptors. This expectation was 
confirmed when the receptor was determined to be 
similar to the gpl30 signal transduction arm of class I 
cytokine receptor family members, interleukin (IL)-6, 
granulocyte colony stimulating factor (G-CSF), and 
leukemia inhibitory factor (LIF; Tartaglia et al., 
1995). The extracellular domain of the long (OB-RL) 
and short (OB-RS) forms includes two cytokine 
domains, each containing a single copy of the charac- 
teristic Trp-Ser-X-Trp-Ser motif and a fibronectin type 
III domain (White and Tartaglia, 1996). 

The similarity of the leptin receptor to the class I 
cytokine receptor family has implications for signal 
transduction mechanisms. Class I cytokine receptor 
members typically lack intrinsic tyrosine kinase ac- 
tivity and are activated by formation of homo- or 
heterodimers (Watowich et al., 1996). Leptin recep- 
tors have been reported to form homodimers 
(Nakashima et al., 1997; White et al., 1997). Briefly, 
following ligand-receptor binding and receptor aggre- 
gation, phosphorylation events ultimately result in 
activation of Janus kinases (JAK). The JAK then 
phosphorylate specific receptor tyrosine residues that 
provide docking sites for members of the signal 
transducers and activators of transcription (STAT) 
family. Phosphorylation of these transcription factors 
by JAK is followed by their dimerization and translo- 
cation to the nucleus for regulatory purposes. 

Leptin signaling via the JAK-STAT pathway has 
been reasonably well documented and is associated 
largely with the OB-RL isoform. In mice, administra- 
tion of recombinant leptin causes activation of STAT3 
in the hypothalamus of wild-type and ob/ob mice 
(Vaisse et al., 1996). The STAT3 and STATS are 
activated in COS cells following ligand binding to OB- 
RL, but results for STAT1 and STAT6 were equivocal 
(Ghilardi and Skoda, 1997). However, Rosenblum et 
al. (1996) reported formation of STAT1, STAT3, and 
mixed STATLSTAT3 dimers in cells transfected with 
OB-RL and treated with leptin. Tyrosine phosphoryla- 
tion of STAT1 has also been demonstrated in a human 
renal adenocarcinoma cell line after treatment with 
leptin (Takahashi et al., 1996). 

Signal transduction by members of the class I 
cytokine receptor family is not limited to the JAK- 
STAT system. Some of these receptors are linked to 
mitogen-activated protein kinase (MAPK) or phos- 
photidyl inositol-3 (PI-3) kinase pathways 
(Watowich et al., 1996). It is yet to be determined 
whether ligand binding to one or more of the leptin 
receptor isoforms activates signaling systems other 
than the JAK-STAT pathway and which biochemical 
processes are regulated through them. 

Even though leptin is exclusively produced and 
secreted by adipocytes (Kline et al., 1997) and 
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placenta (Gong et al., 1996), leptin- -receptors are 
found in most tissues. The long form is especially 
prevalent in the hypothalamus (arcuate, lateral, 
ventromedial, and dorsomedial nuclei) and not 
present in most other tissues (Mercer et al., 1996b; 
Schwartz et al., 1996c), and the short forms are more 
ubiquitously expressed. It has been proposed that 
some of the receptor forms are involved in the 
transport of leptin in blood and its crossing of the 
blood-brain barrier (Devos et al., 1996). 



Roles of Leptin in Energy Balance Regulation 

In the fed, steady-state (zero energy balance), 
leptin expression and secretion reflect body fat mass 
in rodents and humans (Frederich et al., 1995a; 
Maffei et al., 1995; Considine et al., 1996) and are 
highly correlated with adipocyte size in lean and obese 
mice (Houseknecht et al., 1996a,b). This correlation 
with fat mass is drastically altered, however, with 
changes in energy balance. Food deprivation (12 to 48 
h) results in a rapid and drastic fall in leptin gene 
expression (Cusin et al., 1995; Frederich et al., 1995b; 
Trayhurn et al, 1995; Kolaczynski et al., 1996a). 
However, more subtle changes in energy balance have 
profound effects on leptin expression as well. As little 
as a 10% reduction in body weight in obese human 
subjects results in a 53% reduction in serum leptin 
(Considine et al., 1996), and a 10% increase in body 
weight causes a 300% increase in serum leptin 
(Kolaczynski et al., 1996b). Thus, leptin not only 
functions as an "adipostat" to signal the status of body 
energy stores to the brain (and perhaps other 
tissues), but also functions as a sensor of energy 
balance. 

Leptin treatment of animals has been shown to 
cause a dose-dependent decrease in food intake, loss of 
body weight, loss of fat depots, and an increase in 
energy metabolism (Pelleymounter et al., 1995; Levin 
et al., 1996). Leptin treatments can be used to 
eliminate all visible fat in rodents (Chen et al., 
1996a). The body weight and fat losses are unusual 
following leptin treatment in that the loss of body 
weight and fat depots are not repleted for several 
weeks after the termination of the leptin treatment 
(Chen et al., 1996a; Azain et al., 1997). Therefore, 
leptin not only causes reduced food intake, but the 
potential body weight losses are enhanced due to an 
increased metabolic rate. This is in contrast to the 
reduced metabolic rate associated with limited feed- 
ing. These effects are observed independently of mode 
of administration (central vs systemic), although 
higher doses are required with systemic treatment 
(Campfield et al., 1995). 

Leptin is known to act centrally to inhibit the 
effects of neuropeptide Y (NPY), apparently by 
inhibiting its synthesis in the arcuate nucleus of the 
hypothalamus (Cusin et al., 1996; Ericksqn et al., 
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1996b). There are likely many unknown components 
of the leptin axis to be discovered to explain its many 
functions, but it is likely that some of the actions are 
mediated by the beta-adrenergic enervation of adipose 
tissue (Collins et al., 1996) and by the uncoupling 
proteins I and II (Zhou et al., 1997). 



Endocrine Regulation of Leptin Gene 
Expression and Secretion 

Coordinated alterations in leptin gene expression 
with changing metabolic status suggest hormonal or 
metabolite control of leptin expression. A prime 
candidate for such regulation is insulin. Insulin plays 
a chronic (hours) role in the regulation of leptin 
levels. Hyperinsulinemia increases leptin levels fol- 
lowing 3 to 5 h in rodents and humans (Cusin et al., 
1995; Saladin et al., 1995; Utriainen et al., 1996; Vidal 
et al., 1996), and in vitro exposure of rat adipocytes to 
insulin (12 to 48 h) increased leptin mRNA levels 
(Slieker et al., 1996). Leptin concentrations in blood 
are diurnally regulated in rodents and humans 
(Saladin et al., 1995; Sinha et al., 1996a), with levels 
peaking at night. In rodents, the peak coincides with 
the initiation of eating behavior, and the elevation is 
inhibited by fasting (Frederich et al., 1995b; MacDou- 
gald et al., 1995; Saladin et al, 1995) and can be 
reinstated following a meal or a single injection of 
insulin (Saladin et al., 1995). In humans, the 
nocturnal rise in leptin levels does not coincide with 
feeding (Sinha et al., 1996a), suggesting differential 
regulation in these two species. We (Houseknecht et 
al., 1996a) and others (Slieker et al., 1996) have 
observed no acute (minutes) regulation of leptin 
secretion by insulin and have found no intracellular 
storage pool for leptin that could be rapidly mobilized 
in response to secretagogues such as insulin (House- 
knecht et al., 1996a). It should be noted, however, 
that leptin concentrations in human plasma are 
pulsatile in nature (Licinio et al., 1997), suggesting 
some yet to be discovered control of leptin secretion 
and (or) clearance. 

Glucocorticoids are potent regulators of leptin 
expression. The in vivo administration (De Vos et al., 

1995) and in vitro incubation of adipocytes (Slieker et 
al., 1996; Wabitsch et al., 1996) with various glucocor- 
ticoids causes an up-regulation of leptin expression. 
Recent evidence indicates that leptin and Cortisol 
interact in a negative feedback loop; leptin directly 
inhibits Cortisol synthesis by adrenal cells (Bornstein 
et al., 1997). 

Leptin expression and secretion by adipocytes are 
down-regulated by adrenergic stimulation, as indi- 
cated in studies using ^-adrenergic agonists, cold 
exposure, or dbcAMP (Gettys et al., 1996; Mantzoros 
et al., 1996); Slieker et al., 1996; Trayhurn et al., 

1996) . Leptin has been reported to regulate growth 
hormone secretion <Carro -et al , 1997); however, 



chronic incubation of isolated adipocytes with either 
growth hormone or IGF-I had no effect on leptin 
expression and secretion (Hardie et al., 1996). 

The Leptin Promoter: C/EBPa, 
PPARy, and Leptin Expression 

Initial studies of the leptin promoter have revealed 
functional binding sites for C/EBPoc (CCAAT/en- 
hancer binding protein a) in the region -58 to -42 
relative to the transcriptional start site (He et al., 
1995; MacDougald et al., 1995; Hwang et al., 1996). 
The C/EBPa is expressed in multiple cell types, 
functions as a transcriptional activator of certain 
adipocyte genes (Christy et al., 1989; Herrera et al., 
1989), and plays a role in terminal adipocyte differen- 
tiation (Umek et al., 1991; Freytag and Geddes, 
1992). 

Transcriptional regulation of the leptin gene also 
seems to be controlled by PPAR7. The PPAR7I and 2 
are members of the family of orphan nuclear receptors 
that function as trans-activators of fat-specific genes 
such as aP2, and thus are dominant activators of fat 
cell differentiation (Tontonoz et al., 1994; Schoonjans 
et al., 1996a; Schoonjans et al., 1996b). Thiazolidine- 
diones (TZD) , pharmacological ligands for the PPAR7 
(Lehmann et al., 1995; Saltiel and Olefsky, 1996), act 
to down-regulate leptin mRNA abundance in adipo- 
cytes. These data are consistent for a role of PPARy in 
regulating the leptin promoter (Kallen and Lazar, 
1996; Nolan et al., 1996; Zhang et al., 1996). 
Hollenberg et al. (1997) recently reported the 
presence of a canonical DR+1 PPAR-y binding site 
located between -3,951 and -3,939 of the mouse 
S'-flanking sequence of the leptin gene. Furthermore, 
these authors report that PPARy2 mediates down- 
regulation of the leptin promoter by inhibiting C/EBP 
cx-mediated transact! vation (Hollenberg et al., 1997). 

Mechanisms of Leptin Action: Central vs 
Peripheral Effects 

The lipostatic theory of body weight maintenance, 
which was developed from parabiosis data (Kennedy, 
1953; Hervey, 1958; Hausberger, 1959; Coleman and 
Hummel, 1969), proposed a fat-secreted "factor" that 
reports the status of body energy stores to the brain 
and thus regulates feeding behavior and body fat 
mass. Studies examining the effects of exogenous 
leptin administration to ob/ob mice have led to the 
development of a deceivingly simple model of leptin- 
initiated energy balance regulation that is reminiscent 
of the lipostatic theory (Figure 1). 

Leptin is synthesized and secreted from white 
adipocytes into blood and is transported into the brain 
via a saturable system (Banks et al., 1996), where it 
acts to cause the release or inhibition of factors that 
ultimately result in a reduction in food intake, an 
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Figure 1. Schematic illustration of leptin secretion and 
action. Leptin is secreted from white adipocytes into the 
circulation. Leptin travels to the brain, where it acts to 
cause the stimulation or inhibition of release of neu- 
rotransmitters such as neuropeptide Y (NPY), which act 
to inhibit food intake and stimulate thermogenesis and 
physical activity in rodents. Such functions result in a 
reduction in adipose mass or the stimulation of some 
other endocrine or auto/paracrine signal that inhibits 
leptin synthesis and secretion by adipocytes. Leptin may 
also directly affect the metabolism and function of 
peripheral tissues such as liver and skeletal muscle as 
well as adipocytes. (+), stimulation; (-) inhibit; (+/-) 
stimulate and (or) inhibit; T, increase; i, decrease. 



increase in energy expenditure (due at least in part by 
brown adipose tissue thermogenesis in rodents), and 
increased physical activity. Additionally, leptin (and 
perhaps other factors) acts in a negative feedback loop 
to inhibit further expression of the leptin gene. 

Leptin treatment of ob/ob mice causes a rapid 
reduction in food intake, increased thermogenesis, 
increased physical activity, and improved glycemia 
and insulinemia, which occur prior to weight loss 
(Campfield et al., 1995; Halaas et al., 1995; Pelley- 
mounter et al., 1995; Stephens et al., 1995; Weigle et 
al., 1995; Schwartz et al., 1996a). 

Many of leptin's effects on the control of food intake 
and energy expenditure are thought to be mediated 
centrally. Intense investigation is underway to deline- 
ate the targets of leptin action in the brain as well as 
their downstream effectors. Neuropeptide Y has 
emerged as a major target of leptin action. The NPY is 
a potent stimulator of food intake and inhibitor of 
brown fat thermogenesis (Billington et al., 1991) and 
increases plasma insulin and corticosteroid levels 
(Billington et al. f 1991; Dryden and Williams, 1996). 
The expression of NYP in the hypothalamus is 
increased in many obese rodent models (including ob/ 
ob) and with fasting in rats {Marks et al., 1992; 



OF LEPTIN 1409 

Wilding et al., 1993). Leptin treatment lowers NPY 
levels in ob/ob mice (Stephens et al., 1995; Schwartz 
et al., 1996a), and this occurs before any change in 
body weight. Additionally, leptin treatment directly 
suppressed NPY release from perfused rat 
hypothalami from normal animals (Stephens et al., 
1995). The central role of NPY in leptin action is 
emphasized by studies in which NPY was knocked out 
in ob/ob mice (Erickson et al., 1996b). Absence of 
NPY attenuated, but did not completely normalize, all 
aspects of the obesity phenotype in ob/ob mice. These 
data indicate that NPY is not the only neuroendocrine 
target of leptin, a fact further supported by data 
showing that normal mice lacking NPY control their 
food intake and body weight normally and have a 
normal response to leptin (Erickson et al., 1996a). 



Mechanisms of Leptin Action: Peripheral Effects 

Although significant evidence exists suggesting that 
leptin effects are mediated centrally via neuropeptides 
such as NPY, there is mounting evidence that leptin 
may act peripherally as well (Figure 2). Leptin 
receptors are found outside the central nervous system 
(Tartaglia et al., 1995); however, in many tissues the 
short form of the receptor predominates (Tartaglia et 
al., 1995), and it is not yet clear how effectively the 
truncated forms of the leptin receptor signal. Leptin 
has been implicated in causing peripheral insulin 
resistance by attenuating insulin action (and perhaps 
insulin signaling) in various insulin-responsive cell 
types. Exposure of HepG2 cells (Cohen et al., 1996) or 
rati fibroblasts (Kroder et al., 1996) to physiological 
concentrations of leptin in vitro for minutes, hours, or 
days results in attenuation of insulin-stimulated 
phosphorylation of IRS-1 (Cohen et al. 1996; Kroder 
et al., 1996) and, surprisingly, increased PI3 kinase 
activity (Cohen et al., 1996). In contrast, glucose 
uptake and glycogen synthesis were increased with 
leptin exposure of the C2/C12 muscle cell-line; PI3- 
kinase was implicated in the leptin effects (Berti et 
al., 1997). A potentially troubling caveat of studies 
utilizing cultured cells is that the leptin receptor 
subtypes present in these cell models may not 
represent those found in primary liver, muscle, or 
adipose cells. Recently, an elegant study using 
primary rat adipocytes (Muller et al., 1997) revealed, 
for the first time in primary insulin-responsive cells, 
an attenuation of insulin-stimulated glucose 
metabolism with in vitro exposure to leptin. Addition- 
ally, leptin was recently reported to alter lipid 
partitioning, but not insulin-stimulated glucose 
metabolism, in isolated mouse skeletal muscle (Muoio 
et al.. 1997). 

Leptin may also elicit its effects on peripheral 
insulin resistance by affecting insulin secretion. Lep- 
tin receptors have been found on pancreatic £-cells 
(Kieffer et al., 1996), and leptin has been reported to 
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Figure 2. Regulation of peripheral tissue metabolism 
and function by leptin. Leptin receptors are present on 
peripheral tissues, and leptin has been shown to directly 
affect peripheral tissue metabolism and function. Leptin 
treatment of adipocytes reduces insulin stimulation of 
carbohydrate and lipid metabolism as well as insulin 
stimulation of protein synthesis. Leptin treatment of 
isolated mouse muscle causes an increase in fatty acid 
oxidation with no change in carbohydrate metabolism. 
Leptin exposure of pancreatic islets causes a reduction in 
insulin secretion, and leptin inhibits insulin signaling 
pathways in the HepG2 liver cell line, t, increase, 1, 
decrease. 



directly inhibit /3-cell secretion of insulin by altering 
ion channel function (Emilsson et al., 1997; Kieffer et 
al.. 1997). 

A newly described peripheral action of leptin is to 
regulate the secretion of Cortisol, a powerful stimula- 
tor of leptin expression. At concentrations in the range 
found in obese humans (100 ng/mL), leptin reduced 
Cortisol secretion 52% in isolated adrenocortical cells 
(Bornstein et al. v 1997). 



Leptin Resistance 

The discovery that mutations in the leptin and 
leptin receptor genes caused severe obesity in rodents 
led to the hypothesis that a similar phenomenon was 
true for humans. In fact, with the exception of the ob/ 
ob mouse and two children from one family of 
Pakistani origin (Montague et al., 1997), all models of 
rodent and human obesity studied are characterized 
not by leptin deficiency, but by hyperleptinemia (see 
reviews, Caro et al., 1996b; Spiegelman and Flier, 
1996). This has led to the concept of leptin resistance 
(Caro et al., 1996b; Spiegelman and Flier, 1996). 
Figure 3 illustrates possible molecular scenarios that 
could lead to leptin resistance. 

The most obvious target for a defect in leptin action 
is the leptin receptor. Defects in receptor expression or 
proximal signaling events in the brain could result in 



severe leptin resistance as observed in the db/db 
mouse. Additionally, downstream targets and effectors 
(many yet undefined) of leptin may be defective in 
certain forms of obesity. 

Circulatory "defects" may also result in leptin 
resistance. The molecular form in which hormones 
circulate in blood can have a major impact on their 
biological activity. Many members of the cytokine 
family circulate bound to proteins in serum, and these 
binding proteins may play important roles in regulat- 
ing hormone clearance rates, increasing or decreasing 
biological activity of the ligand, and (or) providing 
hormone responsiveness to unresponsive cells 
(Heaney and Golde, 1993; Bonner and Brody, 1995). 
Houseknecht et al. (1996c) reported that leptin 
circulates specifically bound to at least three proteins 
in mouse serum and, in addition to Sinha et al. 
(1996b) and Diamond et al. (1997), provided evi- 
dence of leptin binding proteins in humans. Figure 4 
illustrates a ligand blot showing specific binding of 
[ 125 I] leptin to proteins in mouse and human serum. 
Sinha et al. (1996b) and Houseknecht et al. (1996c) 
found that in lean mice and humans, the majority of 
leptin circulates in the bound form, and that the 
proportion of free leptin is positively correlated with 
increasing obesity and body-mass index (BMI), in- 
dicating that leptin binding proteins are saturated 
with obesity. The precise identity of these proteins is 
currently unknown, as are the mechanism(s) that 
regulate their expression and their interaction with 
the leptin molecule. The leptin-binding protein inter- 
actions involve sulfhydryl bonds (Houseknecht et al., 
1996c). Many cytokines circulate bound to soluble 
forms of their receptors (Heaney and Golde, 1993; 
Bonner and Brody, 1995). The leptin receptor is 
predicted to have multiple splice variants, including a 
proposed soluble receptor with predicted molecular 
weight of 85 kDa. In mice, we have reported specific 
leptin binding to a protein of approximately 85 kDa 
(Houseknecht et al., 1996c, see Figure 4) . In humans, 
Caro's group (Sinha et al., 1996b) reported that only 
approximately 10% of leptin could be immunoprecipi- 
tated from serum using a leptin receptor antibody, 
suggesting that a soluble leptin receptor plays only a 
minor role in the human. It has been shown that 
leptin is transported into the brain by a saturable 
system (Banks et al., 1996; Caro et al., 1996a; 
Schwartz et al., 1996b), and that the efficiency of 
leptin transport is reduced in obese patients. It is 
possible that the bound form of leptin is the biologi- 
cally active form, and (or) is necessary for transport 
across the blood-brain barrier. It is likely that the 
various serum leptin binding proteins affect leptin 
bioactivity and may be important in the development 
and (of) manifestation of leptin resistance. 

A final possibility is that leptin resistance is not 
due to a pathological defect in leptin bioactivity, but 
may simply reflect the limitations of the leptin 
"system" to regulate food intake and body fat stores. 
Spiegelman and Flier (1996) proposed that the 
teleological role of leptin is not to avoid obesity, but to 
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Figure 3. Potential mechanisms of leptin resistance. Leptin resistance may be due to a defect in leptin binding 
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prevent death by starvation. Leptin could be a key 
regulator of survival during cycles of "feast and 
famine". This hypothesis is supported by the finding 
that exogenous leptin administration is able to at least 
partially overcome the neuroendocrine adaptations to 
starvation in mice (Ahima et al., 1996). Further 
research is necessary to support/refute or refine the 
leptin resistance hypothesis. 

Role of Leptin in the Regulation of Reproduction 

The body of literature on the role of leptin in the 
control of reproduction, is rapidly developing. At this 
time, the majority of information in this area has been 
obtained from research with human subjects and 
laboratory rodents. Information on domestic livestock 
is emerging but is limited due to the lack of sufficient 
quantities of recombinant leptin for whole-animal 
experiments and the lack of validated assays that can 
be used to monitor serum leptin secretion. 

Nutrition-Reproduction Interactions 

The importance of adequate nutritional intake in 
maintaining reproductive function is well-established 
(Asdell, 1949; Short and Bellows, 1971; Keane, 1975; 



Kirkwood and Aherne, 1985; Armstrong and Britt, 
1987). Inadequate nutrition delays or prevents the 
onset of puberty (Foster and Olster, 1985; Bronson, 
1986; Aubert and Sizonenko, 1996) and interferes 
with normal cyclicity (Howland, 1971; Vigersky et al., 
1977; Armstrong and Britt, 1987). In males, under- 
nutrition is accompanied by hypogonadism and infer- 
tility (Brown, 1994). A consistent observation across 
species is that undernutrition results in decreased 
gonadotropin secretion (Kennedy and Mitra, 1963; 
Howland, 1971; Vigersky et al., 1977; Landefeld et al., 
1989; Cameron et al., 1993). 

The mechanisms responsible for communicating 
nutritional status to the reproductive system have 
been sought for many years. A commonly held belief at 
one time was that the amount of body fat was a 
controlling factor in the onset of puberty and the 
maintenance of adult reproduction. More recent 
research has shown that metabolic and (or) nutrition- 
ally induced changes in reproductive function can 
occur without changes in body fat (Pettigrew and 
Tokach, 1991; Beltranena et al., 1993). A variety of 
hormones may act as possible signals of nutritional 
status to the reproductive system (Pettigrew and 
Tokach, 1991). Metabolites can exert potent effects on 
endocrine systems (Widmaier, 1992) and have been 
implicated in the control of gonadotropin secretion 
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Figure 4. Radioligand binding of [ 125 I]leptin to proteins in serum of mice and humans. Sera from normal FVB or 
ob/ob mice and from non-obese women were electrophoresed in the presence of 4% SDS without reducing agents 
and blotted with [ 125 I]leptin (± 1.0 fig recombinant leptin). Adapted from Houseknecht et al. (1996c) with permission. 



(Pettigrew and Tokach, 1991). To date, the mechan- 
ism of nutritional signaling to the reproductive system 
has not been clearly elucidated. 

The relatively recent discovery of leptin (Zhang et 
al., 1994) has generated considerable excitement in 
the area of reproductive biology. Many believe that 
this hormone could be the long-sought indicator of 
nutritional status that allows reproductive processes 
to proceed. Leptin is produced in adipose tissue, which 
actively responds to nutritional and metabolic 
changes. The production of leptin increases with 
feeding and body fat content (Hamann and Matthaei, 
1996). Leptin receptors are found in the ventromedial 
and arcuate regions of the hypothalamus and are thus 
positioned anatomically in regions associated with the 
control of appetite and reproductive neuroendocrine 
function (Dyer et al., 1997). Thus, leptin could 
provide an accurate, circulating signal of nutritional 
status. 

Genetic and Nutritionally Induced 
Leptin Deficiency 

Much of the evidence for the role of leptin as a 
reproductive hormone has been derived from ob/ob 
mice, which do not produce a functional leptin protein 
(Hamann and Matthaei, 1996). An ob/ob female 
mouse is sterile and remains essentially in a constant 
prepubertal state. Ovarian and uterine weights, sex 
steroid concentrations, and pituitary gonadotropin 
secretion are depressed in these animals (Barash et 
al. v 1996). Administration of recombinant leptin to 
ob/ob female mice completely restores gonadotropin 
secretion, secondary sex organ weight and function, 
and fertility (Barash et al., 1996; Chehab et al., 
1996). 

Similar evidence has been obtained in ob/ob male 
mice. Male ob/ob mice demonstrate very low levels of 
fertility (Lane and Dickie, 1954). These animals have 
low gonadotropin secretion and are hypogonadal 
(Swerdloff et al., 1978; Mounzih et al., 1997). 
Seminiferous tubules contain few mature sperm, and 



Leydig cells are severely atrophied. As in female ob/ 
ob mice, leptin administration to the male mice 
restores fertility. Seminiferous tubules contain abun- 
dant sperm and Leydig cells show normal morphology 
following leptin treatment (Mounzih et al., 1997). 

Thus, reproduction is restored by leptin administra- 
tion in animals genetically lacking the expression of a 
functional leptin protein. Undernutrition results in a 
condition analogous to the ob/ob genotype, with 
inhibited leptin secretion and reproductive function. 
The effects of undernutrition on reproduction in non- 
obese animals also can be ameliorated by leptin 
treatment. The starvation-induced delay in ovulation 
in non-obese female mice is prevented by leptin 
treatment (Ahima et al., 1996). Similarly, serum LH 
and testosterone levels are increased by leptin ad- 
ministration in fasted male mice (Ahima et al., 1996). 
Restricting nutrition to 80% of ad libitum feed intake 
causes a >50% reduction in ovarian and uterine 
weights that is completely prevented by twice-daily 
injections of leptin (Cheung et al., 1997). 

Puberty 

As stated above, undernutrition inhibits reproduc- 
tion in mature animals and delays the onset of 
puberty as well. Feeding non-obese female rats at 80% 
of ad libitum intake was found to inhibit the onset of 
puberty, and no animals showed vaginal openings or 
estrus at 38 d of age (Cheung et al., 1997). In 
contrast, normal onset of puberty occurred in rats 
treated with leptin, even though voluntary feed intake 
also was 80% that of control animals with ad libitum 
feed intake (Cheung et al., 1997). Leptin also has 
been shown to advance puberty in non-obese mice 
with ad libitum feed intake. Leptin treatment that 
produced a reduction in food intake and growth by 
approximately 15% also advanced the onset of puberty 
by an average of 11 d (47.5 vs 36.5 d in saline vs 
leptin group; Chehab et al., 1997). In a separate 
study, leptin treatment, which had no effect on food 
intake and growth, also advanced the onset of puberty 
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in mice with ad libitum feed intake, but to a lesser 
degree (Ahima et al., 1997). 

The discovery that leptin treatment can advance 
reproductive maturation in undernourished and well- 
fed animals naturally raises the question as to 
whether leptin plays a role in the normal onset of 
puberty. The availability of immunoassays for leptin 
in rodents and humans has permitted evaluations of 
circulating leptin concentrations in the peripubertal 
period. Serum leptin concentrations increase during 
puberty onset in mice (Chehab et al., 1997). Leptin 
secretion also transiently increases before puberty in 
boys (Mantzoros et al., 1997). These observations 
suggest that a causal link between increasing leptin 
secretion and sexual maturation could exist. 

The possibility also exists that increasing leptin 
sensitivity during early development could exert 
control over the timing of puberty. When adjusted for 
body fat, serum leptin concentrations were found to 
decrease during maturation in children (Hassink et 
al., 1996). Because elevated serum leptin concentra- 
tions often accompany leptin resistance in obesity 
(Rohner-Jeanrenaud and Jeanrenaud, 1996), the 
higher levels of leptin secretion in younger children 
(Hassink et al., 1996) may reflect a relative 
resistance to leptin. This resistance could serve to 
maintain high levels of food intake and growth, as 
well as preventing the premature onset of puberty. 
Consistent with this premise, a developmental decline 
in leptin gene expression with no concurrent change in 
body fat content has been observed in young pigs 
(Matteri et al., 1997). 

Leptin Effects on Reproduction: 
Mechanism(s) of Action 

A logical first step in understanding the mechan- 
isms by which leptin influences reproduction is to 
determine the location of functional receptors for this 
hormone. Leptin receptor mRNA has been localized in 
ventromedial and arcuate hypothalamic nuclei and in 
anterior pituitary tissue of sheep (Dyer et al., 1997). 
In rats, leptin receptor mRNA can readily be detected 
in the ovary, testis, uterus, hypothalamus, and 
pituitary gland (Schwartz et al., 1996c; Zamorano et 
al., 1997). Localization of the receptor in reproductive 
tissues likely occurs across species, because leptin 
receptor mRNA also is found in human ovaries and 
testes (Cioffi et al., 1996). Leptin receptor gene 
expression also has been demonstrated in immortal- 
ized rat GnRH neurons and ovarian granulosa cells by 
RT-PCR analysis (Zamorano et al., 1997). 

Thus, leptin could act at multiple sites in the 
reproductive system. Leptin treatment enhances 
gonadotropin secretion (Barash et al., 1996) and 
ovarian side chain cleavage and 17a-hydroxylase 
mRNA levels (Zamorano et al., 1997). Increased 
uterine weight in leptin-treated ob/ob mice seems to 
occur as a result of proliferative responses to increased 
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ovarian estrogen production (Barash et al., 1996). 
Similarly, trophic responses in seminal vesicles are 
likely a result of increased testosterone production 
(Barash et al., 1996). Although the most accepted 
hypothesis is that the overall leptin-induced stimula- 
tion of reproductive function occurs secondarily to 
increased gonadotropin secretion, the possibility of 
direct effects cannot be discounted. 

The evidence for neuroendocrine effects of leptin on 
GnRH release is convincing. Increased gonadotropin 
secretion consistently occurs as a result of leptin 
treatment in ob/ob mice and undernourished animals. 
Leptin treatment advances the onset of puberty, which 
is known to be controlled by hypothalamic release of 
GnRH. Hypothalamic GnRH release has long been 
recognized to be deficient in ob/ob mice (Swerdloff et 
al., 1978; Batt et al., 1982). Leptin stimulates LH 
release in estrogen-primed ovariectomized rats, in- 
dicating stimulatory effects at the level of the anterior 
pituitary gland and (or) hypothalamus (Yu et al., 
1997). Leptin directly stimulates gonadotropin secre- 
tion from cultured rat, steer, and pig pituitary cells 
(Barb et al., 1997; Liou et al., 1997; Yu et al., 1997). 
Cultured median eminence-arcuate explants from rats 
release GnRH in response to leptin (Yu et al., 1997). 
The mechanism whereby leptin directly stimulates 
gonadotroph function is not known. There is reason to 
believe that the effects on hypothalamic GnRH release 
could be mediated by NPY. 

Neuropeptide Y is a 36-amino acid neuropeptide 
found in areas of the hypothalamus involved in food 
intake and neuroendocrine control. Contrary to leptin, 
NPY is a potent stimulator of feed intake and 
inhibitor of gonadotropin secretion (Parrott et al., 
1986; Pau et al., 1988; McDonald et al., 1989; Miner et 
al., 1989; McShane et al., 1992; Kalra and Kalra, 
1996). Undernutrition increases NPY gene expression 
in the arcuate (O'Shea and Gundlach, 1991; McShane 
et al., 1993; Adam et al., 1997) and elevates 
cerebrospinal fluid NPY concentrations (Kaye et al., 
1990). The increase in NPY production has been 
postulated to decrease the stimulatory input to 
downstream neural pathways that ultimately reach 
the GnRH neurons (Campfield et al., 1996; Schwartz 
et al., 1996c; Adam et al., 1997; Yu et al. 1997). 
Leptin administration decreases NPY expression in 
the arcuate nucleus (Campfield et al., 1996; Schwartz 
et al., 1996c), presumably removing the inhibition of 
GnRH release. These data have led to the speculation 
that receptors for leptin may exist on NPY neurons. In 
fact, leptin receptors have been localized recently on 
hypothalamic NPY neurons in mice (Mercer et al., 
1996a) and sheep (Duane Keisler, University of 
Missouri, personal communication). Ob/ob mice that 
also are homozygous for a recessive mutant NPY allele 
have been generated (Erickson et al., 1996b). These 
animals lack leptin and NPY and are less obese and 
more fertile than ob/ob mice with intact NPY 
production. 
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Implications for Reproduction 

Even at this early stage of our understanding of 
leptin biology, there is considerable evidence that 
leptin regulates reproductive function in neuroendo- 
crine, and perhaps reproductive, tissues. The potential 
applicability of this knowledge to improve the 
reproductive efficiency of livestock is open to specula- 
tion. However, removal of inhibitory input to the 
GnRH release mechanism certainly could facilitate 
reproductive function not only during the pubertal 
transition, but also during other periods of neuroendo- 
crine quiescence, such as seasonal and postpartum 
anestrus. Decreasing postpartum leptin production in 
women could reflect a restoration of sensitivity to 
leptin conducive to resumption of reproductive capac- 
ity (Butte et al., 1997). Obvious applications would 
also exist in stimulating reproduction during subop- 
timal nutrition and reduced body condition. 

The Cytokinology of Leptin 

Protein Structure 

Structural characteristics linking the obese gene 
product, leptin, to the cytokine family are well- 
established. Results of several studies provide evi- 
dence that leptin is related to the family of helical 
cytokines, which includes IL-2 and growth hormone. 
Whereas there is no sequence similarity among the 
members of this family, all contain a distinctive three- 
dimensional 4-a-helix bundle structure that has been 
indicated for leptin by threading analysis (Madej et 
al., 1995), nuclear magnetic resonance techniques 
(Kline et al., 1997), and the crystal structure of a 
mutant human leptin (Glu for Trp at position 100; 
Zhang et al., 1997). 

Leptin and Hematopoiesis 

Normal cell turnover and the need to increase 
specific immune cell populations in response to 
pathogenic and nonpathogenic stimuli make necessary 
a means of replenishing and increasing blood and 
immune cell populations. These biological tasks are 
accomplished by the process called hematopoiesis. 
Through this process, the entire spectrum of erythroid, 
myeloid, and lymphoid cell populations are main- 
tained throughout the life span of the animal (Shiv- 
dasani and Orkin, 1996; Leitman and Read, 1997). A 
relatively small pool of pluripotent stem cells capable 
of self-renewal and differentiation give rise to all 
hematopoietic cell lineages. Differentiation of the stem 
cell results in populations of hematopoietic progenitor 
cells that show progressively greater commitment 
toward specific lineages and loss of ability for self- 
renewal. These progenitor cells are capable of marked 
proliferation as an integrated response to numerous 
cytokines and growth factors. 



The early indications that leptin might function in 
hematopoiesis arose from the cytokine characteristics 
of leptin and its receptor, the identification of leptin 
receptors in hematopoietic tissues, and from the 
adipocyte-specific expression of the obese gene given 
that adipocytes are the most abundant stromal cell 
type in adult human bone marrow (Gimble et al., 
1996). Thus, in addition to serving as a localized 
energy reservoir, the possibility that leptin produced 
within the marrow might regulate hematopoiesis was 
raised. Gainsford et al. (1996) documented the 
coexpression of OB-RL and OB-RS in numerous fetal 
and adult murine hematopoietic tissues. Furthermore, 
leptin enhanced cytokine production and parasite 
phagocytosis by murine peritoneal macrophages, and 
transfection studies indicated that the OB-RL receptor 
isoform stimulates proliferation of Ba/F3 cells and 
differentiation of Ml cells into macrophages. The OB- 
RS isoform, which lacks the box 1 and box 2 motifs of 
the hemopoietin receptor family, was nonfunctional in 
these studies. Ghilardi and Skoda (1997) obtained a 
similar proliferation response with the Ba/F3 cell line 
and linked it to activation of JAK2. Leptin has also 
been shown to stimulate fetal and adult erythroid and 
myeloid development (Mikhail et al., 1997). Leptin 
increased macrophage number and granulocyte colony 
formation, and leptin and erythropoietin acted syner- 
gistically to stimulate erythropoiesis. Given these 
suggested roles of leptin in hematopoiesis, it is 
interesting to note that db/db mice, which express the 
truncated form of the leptin receptor, have reduced 
steady-state levels of some peripheral blood B and T 
cell populations and that marrow from this genotype 
has a deficit of lymphopoietic progenitors (Bennett et 
al., 1996). Such was not the case in ob/ob mice. Thus, 
the possibility of an alternative ligand was suggested 
in the case of the ob/ob genotype. There is indeed 
considerable overlap among cytokines in their biologi- 
cal activities, and one might anticipate that other 
cytokines would overshadow the absence of leptin or 
its receptor (OB-RL) in these models. The basis for 
the apparent discrepancy between the ob/ob and db/ 
db genotypes remains to be determined. 

Myriad cytokines and growth factors control the 
proliferation, survival, differentiation, and activity of 
immune cells (reviewed by Ellis et al., 1997). Because 
a number of these regulatory agents are present in 
milk, interest in their possible roles in the develop- 
ment of neonatal and infant gastrointestinal immu- 
nity has been growing. In this regard, it is perhaps 
quite significant that leptin has been detected in 
human breast milk (Houseknecht et al., 1997a), and 
levels in milk correlate with maternal plasma leptin 
concentrations and maternal adiposity (Houseknecht 
et al., 1997b). Although temporal relationships be- 
tween leptin concentrations and the development of 
neonatal and infant immune function have not been 
reported, leptin may indeed influence the onset of gut 
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immunity or functional development. Further, leptin 
in milk may provide a link between maternal adipos- 
ity and neonatal metabolism and growth. 

Leptin and the Acute Inflammatory Response 

Anorexia and fever are common components of the 
physiological response to infection and inflammation 
that are mediated in part by the proinflammatory 
cytokine milieu within the brain (Johnson, 1997). 
Thus, because leptin seems to be a powerful negative 
regulator of food intake and positive regulator of 
thermogenesis (discussed above), the question as to 
whether leptin contributes to the anorexia or the 
increased metabolic rate during infection has been 
raised. Grunfeld et al. (1996) and Sarraf et al. (1997) 
determined in rodents that administration of en- 
dotoxin and specific proinflammatory cytokines over- 
rides the normal reduction in obese mRNA and blood 
leptin due to fasting and causes marked parallel 
increases in mRNA abundance and serum leptin in 
conjunction with reduced food intake. Ahima et al. 
(1996) proposed that neuroendocrine adaptations to 
food deprivation orchestrated by a reduction in 
circulating leptin may be the primary biological role of 
this protein. It is therefore necessary to reconcile 
potential consequences of a lack of such adaptations in 
immunologically challenged animals in which leptin 
concentrations are increased despite food deprivation. 
However, it should also be noted that a response 
similar to that described for rodents may not occur in 
pigs. Leptin mRNA abundance is not influenced, at 
least acutely (4 h), by endotoxin challenge despite 
clear clinical indications of a strong acute inflamma- 
tory response to the endotoxin in young pigs (M. E. 
Spurlock, personal communication). 

All things considered, it may well be that an 
increase in the circulating leptin concentration in 
response to infection or inflammation is multipur- 
posed, encompassing regulation of food intake, meta- 
bolic rate, macrophage function, and induction of 
immune cell proliferation or differentiation. It will be 
interesting to determine whether the immunological 
responses to infection influenced by leptin are differ- 
ent in db/db or ob/ob mice. 

Potential Medical Applications for Leptin 

Pharmaceutical companies have invested heavily in 
leptin since 1995. In June 1997, Amgen, a licensee of 
the Freidman and Rockefeller University leptin pa- 
tents, announced the successful completion of their 
Phase 1 regulatory trials with a leptin injectable 
product. They will be moving on to "... Phase 2 testing 
of leptin both for weight reduction in obese patients 
and for those obese patients with the form of diabetes 
known as non-insulin dependent diabetes mellitus or 
NIDDM" (Business Wire, June 17, 1997). They 
reported that there is a dose range in which leptin 
seemed to be safe for use in humans, but there were 



injection site reactions, especially with multiple daily 
injections at the higher doses tested. It is likely that 
other product concepts will soon be tested in clinical 
trials to take advantage of the highly desirable effects 
of leptin on obesity. More complex leptin formulations 
or other molecules that act on some component of the 
leptin axis are likely to be in the pipeline soon, and 
these would be expected to be easier for patients to use 
than daily injections. The commercial opportunities 
are some of the largest in the health care arena and 
thus have attracted huge investments that have 
driven the tremendous growth in the understanding of 
this exciting new component of energy balance regula- 
tion and obesity. 



Applications for Animal Agriculture 

Although obesity per se is not a major problem for 
animal agriculture, improvement of productive effi- 
ciency, carcass composition, and animal health and 
well-being are important goals. The published litera- 
ture concerning leptin biology in livestock species is 
small; however, the porcine leptin gene has been 
cloned (Bidwell et al., 1997) and multiple abstracts 
and papers are in press. If leptin biology is similar for 
livestock species and human and rodent species, it is 
clear that leptin has myriad effects on tissues and 
endocrine systems that ultimately lead to the coordi- 
nation of whole-body energy metabolism. Thus, leptin 
is a homeorhetic hormone that may have a major 
impact on the performance and well-being of livestock 
species. Leptin may be classified as a "metabolism 
modifier"; thus, we can predict that the manipulation 
of leptin expression and (or) action will be of interest 
to scientists and pharmaceutical companies wishing to 
improve productive performance of animals. Further- 
more, if leptin is involved in animal responses to 
disease or stress, the manipulation of leptin action 
may become an important therapy in the treatment of 
animal disease. 

Direct leptin treatment will not be feasible in 
livestock production unless affordable, potent analogs 
or delivery systems are developed. Until then, success- 
ful enhancement of reproductive function or manipula- 
tion of nutrient partitioning are more likely to be 
achieved through regulation of leptin production or 
sensitivity to leptin through nutritional or metabolic 
manipulation. Genetic selection also could be used to 
this end. Expressed (Matteri et al., 1998) and intronic 
(Sasaki et al., 1996) polymorphisms in the leptin 
gene that may be useful in RFLP-based selection have 
been discovered. 



Implications 

Meeting the challenge of optimizing productive 
efficiency, product quality, and animal health and 
well-being requires a thorough understanding of the 
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mechanisms that regulate and coordinate feed intake 
and energy metabolism in food animals. Data, largely 
from rodent and human studies, indicate that leptin 
may play a vital role in coordinating feed intake, 
energy expenditure, and tissue nutrient utilization 
under many physiological and pathological conditions. 
Extensive studies are needed to determine the impor- 
tance of leptin in the physiology and productivity of 
food animals. 
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Is brain uptake of leptin in vivo saturable and reduced by fasting? 

Karonen SL . Koistinen HA . Nikkinen P . Koivisto VA . 

Department of Clinical Chemistry, Helsinki University Central Hospital, FIN- 
00290 Helsinki, Finland. 

Leptin is a peptide hormone produced by adipocytes which provides a negative 
feedback signal to control the amount of body fat. The action of leptin on food 
intake and weight loss is thought to be mediated by interaction with its 
hypothalamic receptor. We examined the biodistribution and brain uptake of 
radioiodinated leptin (1231-leptin) by dynamic gamma imaging in six anaesthetized 
New Zealand white rabbits. Leptin uptake was seen in the brain, lungs, liver and 
kidneys. In the brain, increase in radioactivity as a function of time was seen in the 
choroid plexus area. The choroid plexus to brain radioactivity ratio (CP/BR) was 
used as the target to background ratio. The CP/BR ratio increased up to 
approximately 40-60 min, after which a steady state in CP/BR was achieved. The 
steady state uptake ratio was higher in the rabbits that had fasted for only 6-8 h 
before the experiment (CP/BR approximately 2.5) than in those that had fasted for 
25-27 h before the experiment (CP/BR approximately 1.8). Thus, leptin uptake in 
vivo occurs in the choroid plexus region of the brain and in the lungs, kidney and 
the liver. The uptake of leptin in the choroid plexus appears to be saturable, as 
indicated by the achieved steady state in the CP/BR radioactivity curve 40-60 min 
following 1231-leptin injection. The lower steady state CP/BR after prolonged 
fasting may be the result of the downregulation of leptin receptors in the choroid 
plexus. 
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Control of food intake via leptin receptors in the hypothalamus. 

Meister B . 

Department of Neuroscience, Karolinska Instituted Stockholm, Sweden. 

Food intake is regulated via neural circuits located in the hypothalamus. During the 
past decade our knowledge on the specific mediators and neuronal networks that 
regulate food intake and body weight has increased dramatically. An important 
contribution to the understanding of hypothalamic control of food intake has been 
the characterization of the ob gene product (leptin) via positional cloning. Absence 
of circulating, functionally active, leptin hormone results in massive obesity as seen 
in ob/ob mice. Leptin inhibits food intake and increases energy expenditure via an 
interaction with specific leptin receptors located in the hypothalamus. Leptin 
receptors, of which there are several splice variants (Ob-Ra through Ob-Re), belong 
to the superfamily of cytokine receptors, which use the JAK-STAT pathway of 
signal transduction. Obese db/db mice, which have a mutation in the db locus, are 
unable to perform JAK-STAT signal transduction due to absence of functionally 
active (long form; Ob-Rb) leptin receptors. Ob-Rb is primarily expressed in the 
hypothalamus, with particularly high levels in the arcuate, paraventricular, and 
dorsomedial nuclei and in the lateral hypothalamic area. The abundance of leptin 
receptors in the ventromedial and lateral hypothalamus supports early observations 
that these two regions are intimately associated with the regulation of food intake. 
Leptin receptors have been identified in neuropeptide Y (NPY)/lagouti-related 
peptide (AgRP)- and proopiomelanocortin (POMC)/cocaine- and amphetamine- 
regulated transcript (CART)-containing neurons of the ventromedial and 
ventrolateral arcuate nucleus, respectively, and in melanin-concentrating hormone 
(MCH)- and hypocretin/orexin-containing neurons of the lateral hypothalamus, 
suggesting that the above-mentioned messengers are mediators of leptin's action in 
the hypothalamus. Indeed, functional studies show that NPY, AgRP, POMC- 
derived peptides, CART, MCH, and hypocretins/orexins all are important regulators 
of food intake. Leptin is essential for normal body weight balance, but the exact 
mechanisms by which leptin activates hypothalamic neuronal circuitries is known 
to a limited extent. In order to find pharmaceutical approaches to treat obesity, 
further studies will be needed to reveal the exact mechanisms by which leptin 
lowers body weight and which role leptin and leptin receptors have in the 
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FIGURE 68-6 Sympathetic nervous system effects on blood pressure. 
Sympathetic stimulation ( + ) increases blood pressure by effects on the heart, 
the veins, the kidneys, and the arterioles. The net result of sympathetic 
stimulation is an increase in both cardiac output and peripheral resistance. All 
= angiotensin II. (From JB Young, L Landsberg, in P Sleight et al (eds), 
Scientific Foundations of Cardiology , London, Heinemann, 1981 ] 



Whether primary sympathetic overactivity plays a role in the 
pathogenesis of essential hypertension is uncertain owing to the 
insensitiviry of currently available methods of assessing regional 
sympathetic activity in humans. It is well established, however, that 
the sympathetic nervous system plays at least a permissive role in 
hypertension. Despite the elevated blood pressure, sympathetic nerv- 
ous system activity is not suppressed in hypertensive patients, and 
reflex control of the circulation is retained, due in part to upward 
resetting of the baroreceptors. In addition, peripheral sensitivity of 
the vasculature to NE is either normal or enhanced. The maintenance 
of sympathetic nervous system activity in patients with hypertension 
accounts for the hypotensive effects of antiadrehergic agents. 

During antihypertensive treatment with vasodilators or diuretics, 
the sympathetic nervous system may be activated in response to 
decreased pressure in either the venous or arterial circulation (Fig. 
68-3). The heightened sympathetic activity that results, in addition 
to causing tachycardia, may oppose the antihypertensive therapy by 
activating the various effector systems shown in Fig. 68-6. Agents 
with antiadrenergic effects, therefore, have a fundamental role in the 
therapy of most hypertensive patients. 

ANGINA PECTORIS (See also Chap. 203) Sympathetic stimula- 
tion of the cardiovascular system increases myocardial oxygen 
consumption as a consequence of elevated heart rate, enhanced 
myocardial contractility, and increased myocardial wall tension. 
Attacks of angina, therefore, are often precipitated by situations 
associated with sympathetic activation such as exercise, eating, and 
cold exposure. Beta blockade is beneficial in the treatment of angina 
because of reduction in sympathetic stimulation of the heart. Alpha- 
adrenergically mediated coronary vasoconstriction also may contribute 
to coronary spasm. 

HYPERTHYROIDISM (See also Ghap. 334) Many of the periph- 
eral manifestations of hyperthyroidism suggest a hyperadrenergic 
state. Enhancement of beta-receptor responses in hyperthyroidism is 
due in part to effects on the beta receptor. Thyroid hormone, in some 
tissues and in some species, increases receptor number; in other 
tissues, even when beta-receptor number is not increased, coupling 
of receptor occupancy to the adenylate cyclase cyclic-AMP system 
is augmented to amplify catecholamine-induced responses. Since 
thyroid hormone excess does not suppress sympathetic nervous system 
activity (plasma NE levels are normal in thyrotoxic patients), a 
"normal" level of sympathetic activity may evoke an exaggerated 
physiologic response. Many of the adrenergic manifestations of 
hyperthyroidism are diminished by treatment with beta-receptor 
blocking agents. 



ORTHOSTATIC HYPOTENSION The maintenance off 
pressure during upright posture depends on an adequate blood v|§ 
an unimpaired venous return, and an intact sympathetic 
system. Significant postural hypotension, therefore, ofteiH 
extracellular fluid volume depletion or dysfunction of the cifi 
reflexes. Diseases of the nervous system, such as tabes 
syringomyelia, or diabetes mellitus, may disrupt these syn 
reflexes with resultant orthostatic hypotension. Although any ar 
nergic agent may impair the postural sympathetic response, on 
hypotension is most prominent with drugs that block neurotraiiii 
within the ganglia or adrenergic neurons. 

The term idiopathic orthostatic hypotension refers to a 
degenerative diseases involving either the pre- or postgan 
sympathetic neurons. Involvement of the postganglionic syrir 
nervous system is characterized by low basal NE levels^ 
involvement at the level of the central nervous system or preg 
sympathetic neurons is associated with normal basal plas 
levels. In both cases, the plasma NE response to upright 
is deficient. Orthostatic hypotension caused by disruption 
preganglionic autonomic neurons within the intermediolaterti 
column of the spinal cord often occurs in association with degeri 
changes of basal ganglia and other portions of the central ' 
system. In the latter situation, known as multiple systems atrb L 
the Shy-Drager syndrome, orthostatic hypotension occurs along 
a variety of neurologic disturbances, including Parkinson's du 
Treatment of orthostatic hypotension is usually unsatisfP 
except in the mildest cases. There is ho way of reestablish^ 
normal relationship between fall in venous return and symp 
neuronal activation. Volume expansion with fludrocortisone 
liberal salt diet in conjunction with fitted stockings to the wail 
well as elevation of the head of the bed to avoid recumbency, 
maintain plasma volume and venous return and frequently pro 
symptomatic improvement. Rarely a beneficial response ma^ 
obtained from treatment with sympathomimetic amines (incP 
clonidine). 



PHARMACOLOGY OF THE SYMPATHOADRENAL? 
SYSTEM 

A variety of therapeutic agents affect sympathetic nervous sys 
function or interact with adrenergic receptors, making it possibHf 
stimulate or suppress effects mediated by catecholamines with 
degree of specificity (Table 68-1). 

SYMPATHOMIMETIC AMINES Sympathomimetic amines 
directly activate adrenergic receptors (direct acting) or release 
from the sympathetic nerve endings (indirect acting). Many age 
have both direct and indirect effects. 

Epinephrine and norepinephrine The naturally occurring est; 
cholamines act predominantly by the direct stimulation of adrenef^ 
receptors. NE is employed to support the circulation and elef 
the blood pressure in hypotensive states (Chap. 34). Periph 
vasoconstriction is the major effect, although cardiac stimulate 
occurs as well. E, also employed as a pressor, has special usefuln^ 
in the treatment of allergic reactions, especially those associated wi 
anaphylaxis . E antagonizes the effects of histamine and other mediat 
on vascular and visceral smooth muscle and is useful in the treatme ' 
of bronchospasm. 

Dopamine Dopamine is used in treating hypotension, shocf; 
(Chap. 34), and certain forms of heart failure (Chap. 195). At lof 
infusion rates it exerts a positive inotropic effect both by a direct 
action on the cardiac beta, receptors and by the indirect release of 
NE from sympathetic nerve endings in the heart. At low doses direci 
stimulation of dopaminergic receptors in the renal and mesenteric 
vasculature also results in vasodilation in the gut and kidney and 
facilitates sodium excretion. At higher infusion rates interaction with 
alpha-adrenergic receptors results in vasoconstriction, an increase in 
peripheral resistance, and an elevation of blood pressure. 



Entrez PubMed 



Page 1 of 1 



NCBI 



Pub|5jed 



National 
Library 
of Medicine 





mm 




■ 


NLM 


■ 



My NCBI 



[Sign In] [Register] 



All Databases 



PubMed 



Nucleotide 



Protein 



Genome 



Structure 



OMIM 



Search | PubMed 



About Entrez 
Text Version 

Entrez PubMed 
Overview 
Help | FAQ 
Tutorial 

New/Noteworthy 
E-Utilities 

PubMed Services 
Journals Database 
MeSH Database 
Single Citation Matcher 
Batch Citation Matcher 
Clinical Queries 
Special Queries 
LinkOut 

My NCBI (Cubby) 

Related Resources 
Order Documents 
NLM Mobile 
NLM Catalog 
NLM Gateway 
TOXNET 
Consumer Health 
Clinical Alerts 
ClinicalTrials.gov 

PubMed Central 



21 for. 

Limits Preview/Index History Clipboard Details 



PMC Journais 

Gol Clear 



Books 



Display J Abstract 

r S 

All: 1 Review: 0 



3 Show |20 jr]|Sortby -j|Sendto ^] 



r 1: Acta Neurol Scand. 1988 May;77(5):387-96. 



Related Articles, Links 



Adrenaline-induced hypertension: morphological consequences of the 
blood-brain barrier disturbance. 

Sokrab TE , Johansson BB , Tengvar C . Kalimo EL Olsson Y . 

Department of Neurology, University of Lund, Sweden. 

Acute hypertension may transiently open the blood-brain barrier (BBB). To 
determine whether such temporary exposure of the brain parenchyma to plasma 
constituents may lead to permanent morphological alterations, acute hypertension 
was induced by i.v. adrenaline in conscious rates given Evan's blue and horseradish 
peroxidase as tracers. The brain were perfused in situ 24 h later: 17 of 21 brains 
showed multifocal sites of extravasation of the tracers and of endogenous plasma 
albumin, fibrinogen and fibronectin identified by immunohistochemistry. The 
proteins spread locally in the parenchyma and were taken up by neurons. Within the 
leaking sites in the cortex, hippocampus, thalamus and basal ganglia -some shrunken 
and grossly distorted acidophilic neurons were present. Focal areas of sponginess 
were observed in the subpial and subependymal zones. Thus, a transient opening of 
the BBB may lead to neuronal damage. 

PMID: 3414376 [PubMed - indexed for MEDLINE] 



Display I Abstract 



M Show |20 ^|Sort by IJJSend to £J 



Write to the Help Desk 
NCBI 1 NLM 1 NIH 
Department of Health & Human Services 
Privacy Statement | Freedom of Information Act | Disclaimer 



Oct 6 2005 04:38:59 



http://www.ncbi.nlm.nih.gov/cntrez/query .fcgi?cmd=Retrieve&db^)ubmed&dopt=Absfract&list... 10/11/2005 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



